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This report is submitted in fulfillment of the requirement of

paragraph H, Part I of Contract OM-5400. It is essentially two reports

within one cover: A progress report covering the period 10 September to

30 October 1959; and a summary technical report on general work undertaken

< i

in the petiod 14 April to 30 October 1959.

nurinz this last half-year, this Corpo;;;ion has been charged I
with the responeibility of determining the general principles for a
high performance system to meet the following general specificationa

1. Very high perfornance,

2, Extensive coverage (4,000 nauticel miles, 60% overlap with

about 20 convergence, and 60° total transverse coverage),

3. Ease of iutelligence extraction (maximum scale and frame

aE el e LG

~type information),

4. Minimum weight (an initial target figure of 500 pounds);

ch

5.. Reliability approaching 100%;

- H

6. Volume limitetion dependent on specific vehicles,

i -y

7. Minimum radio frequency interference; and

b

8. Unattended operation,
The general system specificatione contain many conflicting

requirements. For instance, maximum scale implies a larger system and hence

5 . l.,..'

is not compatible with either minimum weight or small size. Similarly,

extensive coverage is not compatible with minimum weight nor small size

-since large amounts of film must be carried to permit extensive coverage.

-
Pt
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The high reliability requirement dictates that this inherently complex system

be operationally simple: Generally this can be best accomplished by fewness

rand

of operational parts -- that is, what you don't take along can't fail; and it

also implies an absence of reciprocating motions anéd non-uniform motions

e

of moving parts.

e

Within these specifications and limitations, our primary efforts

have been to obtain tho_highupetfornanca,—coverage, and reliability ... ...

et I

desired. Only vwhen a potential system met these standards has it been

considarcd.frén other points of view. As a consequence, some systems are .

[T

estimated to exceed the initial weight target or to be incompatible with the

specific volume, which has now been selected.

As a consequence of éun;onor icheduliu; requirements it has been

ﬁ-w.

requested that the opportunity provided bjzthe evaluation of vehicle’

characteristics be used to:conaidct general problems rather than epecific

| [R5

details of opcclfic sycieno. This has permitted rather extensive study,
rcnhlting in assurance that there are not bbvioul fundamental physical
ldmitations to the lucc;llful qonpletion‘of this project; and,_fnxthér, has
4 pointed the way to specific subsystem breadboarding which yould be fruitful

to undertake as soon as bractical.

e

Several sub-gystems required of any system (e.g. window, v/h semsor,

£{lm transport, etc.) have been extensively analyzed and tested. A

.‘:fh

continuation of this thorough exsmination will do a great deal to increase
the ultimate reliability,

In an effort to avoid bulk and unnecessary duplication in this

document, previously reported progress and conclusions are not being

repeated in this rcpo&t. By referring to the list of pertinent documents (Appgndix

P ), other reports containing additional data and conclusions may be located.

Bagineering Report No. 5530 ‘ , Page 2
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PROGRESS

GENERAL :

The progress report contained in this section covers work done
during the period 10 September to 30 October. Reference should be made to
previous reports (see Aépendix ?) for other progress statements covering
the period 14 April to 9 September. - C e | N
LIALSON: -

11 September - and R.M. Scott visited the

Customer to present a progress review and discuss forthcoming work and

Customer rcqui:cnants.

17 September -| |acconpanied by the Cultomcr visited

the vehicle contractor for :echnical discuastona.
13 October - The Customer and representatives of the vehicle

contractor visited this contractor for technical discussions.

21 October -| |and R.M. Scott visited the Customer's

office for tochnicil diocuapioﬁl,'lnd aln§ met with the Program Director
for a program reviewv and project planning discussion.
V/B SENSOR: | |
The experimental Braadﬁoard grid sensor has been extensively tc;ted,
using aerial scenes on an accurate motion (microdensitometer) stage as a
simulation of moving ground. The resulting outputs have been analyzed.
Concurrently, the correlation type sensor ianufactured by Avion
has been proposed to us. Chicago Aerial is reported to have an sutomatic
driftoight type sensor, but we have been unable to obtain any data.

The pounibility of programming V/H has been considered. Matcoiulogical

Engineering Report No. 5530 Page 3
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data for the operational altitudes is required before this method can
be fully analysed, and this data has been requested.
AERIAL SPECTRA:
Both nethod; of obtaining spectra have been put into operation.
The photo-optical analyzer has been calibrated, and the scenes analyzed

so far show a directional characteristic for scene frequency content.

Additional scenes should be analyzed. - - R

The electronic analyzer gemerally correborates the photo-optical

- snalyser, but merits further utilization to properly account for some

diiferences.
HANDOW: |
| | The analysis of temperature profile through the window

configuration continued. The amalog computer was modified to include

_ the capability of introducing a programmed temperature profile which would

simulate thermal conditiomrs-through the entire mlséion. The capability of
evaluating the effect of cyclic cooling was also added. An analysis of
eomputer accuracy was completed and imdicated improvements were made.

More specific i;ta, of consequence to the window design, ias
obtained by consultation with the vehicle manufacturer and by furﬁher
engineering analysis. Temﬁerature profiles were obtained for some specific
window configurations.

The philosophy of cyclic coeling was formulated and evaluated.
Necessary cooling rates were obtained.

Quantitative data was obtained, by caleulation and experiment,
of the effect, on the_optical wavefront, of index 3radian;a cauged by

material inhono;eneti;s or by thermal fluctuations.

Engineering Report No. 5530 Page 4
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Further experimental work was done on the development of a suitable
lov emissivity coating. Ability to manufacture consistently the desired
coating thickness, as well as the tendency of the coating to breakdown,
was examined, Tﬁc emigsivity of a specific coit!ng at elevated temperatures
wag determined by telt. |

The effect o! thermal shock wvas investigated, and quantitative

- results were obtained, Material quality was examined in~an~e£fort to

finalize a glazing typé. Hindov slze was determined for a speeific systen,

¢nd glazing thicknesses for this size vindow, for fused silica, were

_calculated.

. QeBAY ENVIRONMENT:

Calculations. uure made in an effort to obtain an underntanding

“‘of the effect of thermal sid pressure flnctuations upon the index of .

refraction of air, and to establish tolgrances upon these changes which'

--vouid enable desired 1mage'§ﬁali¢y to be obtained.

-Experimental investigations were carried out to confitm'the
eritical nature:of the index gradient or turbulence problem.
The seemingly ncchssary iaotherhal bay concept vas discussed with

. N
the vehicle manufacturer.

IZATION:
A preliminary an&lysic of rate g&ro stabilization has been made.
Some preliminary thinking about inertia-torque stabilization has been done.

IMAGE MOTION COHPENgQTIQN'

Methods of IMC have been worked out for the various comtemplated

systems.

Engineering Banofk Meor 33ase 2004/05/13 : CIA-RDP89IB00739R0009000 FoRms B
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FILM TRANSPORT:
A-seamented roller (in which the individual segments have freedom of

axial movement) has been designed, fabricated and tested. It is worthy
of refinement, and should be compared with air-flotation "rollers”.
Since several systems may require a spherical focal surface, a

breadboard film transport device to move film ovei the cuzrved focal surface

Substantial problems remain, and further work must be under taken.

FILY{ EVALUATION:

o The evaluation of several fiims was initiated. The emulsions
presently being analyzcd_are: Eaafman S0-243, Rastman 30-221; and Fuji
Negative Microfilam (ruji Photo Film Cé., Ltd., Tokyo). Basic scpsitonétfic
data and resolution capabilities ofvthzse filﬁs were détermincd.; Recent
availability of a senaitqm;ter and completion of special film teatiﬁsb
equipnent has resulted in initial efforts toward more basic and detailed
analysis of pertinent emglgionlchhr;cteristics.
GERMENTED- JOINTS: . |

» Preliminary experimental work on cementing of mechanical joints
has been undertaken. Eastman Adhesive 910 is the only bonding agent
prgaently being tested. At the present time it appears to be thoroughly
suitable, providing the surfaces to be joined have been properly prepared.
Further work should be unaz;taken, especially in regard to bond lifetime under
service conditions.
PROPOSAL:
The proposal and project plan for forthcoming work was submitted

on 21 October in Document 68.

Engineering Report No. 5530 Page 6
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EYSTEM DESIGN:

Specifications of systems under consideratfion and recommended

N

for construction have been submitted in Documents 59, 62, and 69.

'|~ _ ﬂ

‘&s.'-" .i,.__. - Ki‘ -2 T,
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TECHNICAL CONCLUSIONS

¥/B SENSOR:

N Each of the three possible sutomatic V/H systems. has its own

?i advantages and disadvantages. The automatic drift sight type of sensor must
7] change targets quite frequently at high V/H rates. Since its field of

view is narrow it can lock onto some target not of interest, such as a

—— N

X cloud, and yield erroneous information. Such a system could also fail to

detect discontinuities such as cliffs. Its sensitivity should be good.

e The correlation sensor can also have a difficult time rejecting

clouds and responding rapidly to cliffs, ﬁountain pesks, or other such

discontinuities in the scene. The response time of thisbtype of system is
"basically slow and its sensitivity would be good. It is a narrow field device.

The grid type sensor is a wide field device. 1Its output would

|2 il |

consist of a number of-frequencies if a number of different objects at"
different altitudes are in 1:; field of view. The device's response time
can be made rapid. The major drawback is that it depends upon the presence

-

;} one particular spatia; fteqﬁency in the image of the terrain. 1If this

L] e

frequency is not present there will be no output from the sensor. The

[

correlation sensor depénde upon & band of frequencies rather than a single
frequency but this 1s offset by the small field of view which limits {ts
energy necept;ncc. Our analysis of aerial spéctra scenes indicate wide variations
in spectra.

Zero crossing measuring techniques, i.e., period measurements,
offer & distinct advantage both in spread of response and accuracy in the

presence of noise. The experimental recordings made of the V/H sensor

.“": LT E s [ - [T
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] output indicate the need for electronic sophistication in the actual circuitry.
—¥ , Actual flight testing of the sensing heads will be necessary to

! evaluate accurately the magnitude of these problems. On the basis of
simulated tests either method (correlation or grid) appears to be practical.

| It is improbable that programmed V/H could be made accurate

to better than : 1%. However, vernier corrections from a sensor could be

-1—— &pplied to such a programmed system to bring it within the desired-accuracy.

I

R Although a programmed V/H nay not have the short term accuracy capabilities

of the sensors, it may give better overall performance, and is wor thy o: :

much more consideration.

i",(‘»:‘\

Rate -tabniution of the platform appears practical, and its

accutacy is lcgely dcpcndent on the vibrational environment. Prouninaty

calculations indicate that if vibration isolation {s not provided, the

%l

applicability of the system is limited to vibrational eaviromments in which

the maximum vibration does not exceed an angular rate of two degrees per

econd.

Preliminary calculation indicate that good IMC correction can be
obtained. The Schmidt configurations present a more attractive néchanizaticn
solution than does the Flugge system.
w1 =BAY:

The construction of a window configuration to maintain the desired

thermal enviromment appears feasible, and effects upon imagery should be

nore fully uuau‘d.

z
The equipment bay should be isothermal to maintain image quality,

- ‘ 'Engineering Report No. 5530 Page 9
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and the preasure ghould be no greater than about 75 mm Hg.

For the window, it 1s desirable to maintain minimum temperature
drop through the glazing materials themselves. In order to limit radiation,
a low emigsivity coating should be applied to oneAaurface bordering the
gaps. It is of no consequence to which side of the gap the coating 1is

applied. A low emissivity coating is most effective in the outermost gap,

- and-two- coatings are more effective-than-one. I£~on1y~ohe—coating—is-used,
it should be lodated in the outer gap.
| Cooling or heat removal from.the window glazings must be present,

and the use of cool air for heat removal is recommended. Photographic.lly,

’

iit in deairablc to elininate thc cooling air from the saps during anv

‘exposure. A cyclg of.regulgted cgoling air 1is recomnended.' As a maximum
tolerance, the het Aeviai%onifron 8 linear thermal gradient across the pupil
“cannot exceed 0.6°F per inch. Depending on allowable temperature‘fiuctuations

of the inner surface, heating may be required in the inner gap.
rurcﬁei investigation is recommended ﬁo finalize matlegl‘choice.
= Them;pproximate Qindow size for the 24 inch Schmidt-System s
10;5 x 18.5 igéhes with slightly rounded corners and edges. Calculated
thicknesses are 0.6, 0.75, And 0.6 incheévftom outer to imnner glazings for a
maximum of 5 psia differential across the outer glazing.
SEEING:
As previously reported (Document 57), the turbulence introducesva
random deviation of the 6ptical ray, and the estimated standard deviation
is 0.2 second in the boundary layer and 0.5 -1.0 seconds in the tropopause.
FILM TRANSPORT:
"Skidding"’turns can almost sﬁrely be handled without deleterious

~—

Engineering Report No. 5530 " Page 10
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friction, either with a refinement of the segmented roller or with an air
flotation ﬁrollor".

The deformation of film onto a curved focal'surface requires
additional study, but is not impossible, based on tests conducted on the

breadboard tramsport mechanism.

THERMOELECTRIC COOLING:

LS Rl d el e el LoD KO o kkal

: thréﬁgh the doﬁicé. ' This means that a critiétl device oi ciféuit caﬁ qu“

>on1y allow temperature control at some elevated tcmperature vith respect

Progress within recent years has been rapid in the application . . N
of semiconductor materials to thermoelectric devices. Thermoelectric
hﬁiting and cooling 1is quite feasible today. These devices are unique in

that they can heat or céol by revarsipg the direction of current flow

thermostated belov, at, or above aai!ent tcnpcrature. Present nathodl

to the anbient.- The basic semiconductor material and actual devtccajclnﬂ

readily be purchased from several sources (e.g. Philco, Admiral, Westing-

~house, Texas Instruments, Ohio Semiconductor, American Standard, R.C.A.)

- GEMENTED JOINTS:

| The work to date has clearly established the possibility of bonding
naterials'together with cements. It is concluded that further workb
should be undertaken, since the ability to utilize magnesium and beryllium,
which are desirable to attenuate vibration, may depend on the ptacttcali#y
of bonding materials together.
SYSTEM DESIGNS:

Maximum effort has been expended in the general examination of

nearly two dozsen system design concepts. Four of these generally meet the
requirements of porto;nanco, coverage and reliability, and have been described

in detail in Document 69.

Bnginecring Report Ne. 5530 Page 11
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APPENDIX A

OPTIMUM DESIGNS FOR FIXED-GRID V/H SENSORS

INTRODUCTION
With modern reconnaissance systems there is a very urgent need for

a simple automatic, passive device which will measure the ratio

V . vehicle velocity with respect to ground (1)
H  vehicle altitude above ground

At the present time there are three basic ways of determining

~ this ratio:

1. By tracking individual objects and measuring their apparenmt

~ angular velocities.

2. By measuring the cross correlation between the light intensity
received from two directions and computing V/B from the delay ﬁiﬁe betw;en
signals,

3. By measuring the frequency of signals generated by passing an
Bptical image of the ground through a spatial filter which transmits only
the desired image components.

The first method--although it is the one usually used by human
beings--requires a great degree of sophisticatidn and complexity for mechanized
systems and, therefore, has not yet received much use,

The second method is simple and easily mechanized but has the
disadvantage that a high capacity delay device is needed. This device usually
takes the form of a tape recorder and, accordingly, has many of the problems
asgociated with moving parts.

The thirdz;ethod is slightly more complex than the second, but can

be built without moving parts, and can easily be designed for very high

accuracy and very fast response time.

Approved For'ReIe_ase 2004/05/13 : CIA-RDP89B00739R000900070001-6
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This appendix is concerned with the third type of system, and in

v

&

particular with a system in which the spatial filter assumes the form of

R |

a grid fixed in the image plane of an optical ground viewing system.

[ 258

Expressions are derived which show how the system response depends

womsnmetl

on various system parameters, and from these expressions one can choose the

—ecrcrd

optimum parameters.

BASIC PRINCIPLE OF-OPERATION . . o ‘
Consider a system consisting of a lemns, a grid fixed in the image

plane of the lens, and a photocell behind the grid. Let this syﬁtem move
with velocity V at a fixed altitude H above 3 point eoufce of light located
on the ground. As the system moves past thevlisht, the image of thé point
-will move.across the gtid.: The effect of the grid is to périqdically
attenﬁate the light so that the electrical signal from the photocell is a

periodically pulsed current. If thé grid spacing is 2a and the lens focal

length, F, then the frequency of the pulsed photocell current is

VY . frequency. | 2
= %3 quency } (2)

Where f = focal length of optfial system which projects an image of the

ground on the grid
2a = grid spacing (lines/unit length).

The only restrictions on the operation of this type of system is that the

bivzeee

imaging system resolution be somewhat better than 1 lines/mm and that there
2a
is sufficient signal strength from the ground to give a workable signal to

noise ratio in the photocell. Since even for high performance systems, a

typical value for 1 _ would be 5 lines/mm for an £/3, 12-inch focal length

2a
gystem, there is no problem with resolution.

i - l 2t i

Rt

S

'w}.‘ :‘\ 5
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j ESTIMATE OF AVAILABLE SIGNAL
-% Since at the present time very little is known about the character-
: istics of various types of ground terrain, as a crude estimate, we will
'é; assume that the ground appears to be uniform except for a dense random
“ arréy of areas of diameter b and contrast c¢. Table I shows estimates of
7 ‘
? b and ¢ for various types of terrain.
5 - TABLE I b c be R
~ Choppy water 2 feet .05 .1 feef
Sagebrush 2 feet .2 4 feet
Wooded area 20 feet .5 10 feet
Residential housing -50 feet 5 25 feet
City 100 feet .5 50 feet

If one compares the total light flux received from two randomly selected

2 <
areas, each of area A, the average absolute fractional flux difference will be

< LﬁLEl;;? be

B A

i] = The area, Az, is related to the sensor field of view by the relation
- A2 s aan H2
where
n - the number of grid lines
ak = the length of the lines

H - camera altitude,.

If the photocell has a sensitivity, N, and the sensor optics an aperture, D,

" e i .l..-_.-. \}. l.'-. .l

the sinusoidal output of the photocell will be

o

- 2
i = nﬁ_ﬁDZ a® nk B be £ = n4D a /ak be §

where B is the average ground brightness.

s
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To see how this looks, consider a 12-inch focal length f/3 system
with 1/2 a = 5 lines/mm, B = 10 foot candles n = k = 500 lines, N = 1 amp/lumen,
be = . 4 ft. (sagebrush desert), H = 100,000 ft.

Under these conditions we find that

i -7
_____SC = 2.05x 10 lumen

or

. ——— e mm e Y

s 0.205samp.

1ac
which is a quite_useable current. If V/H = 0.01 radians/sec the average
frequency of this sinusoidal signal would be 30 cycles/sec., while f.or V/H =
0.1 rad/sec., this frequency would be 300 cps. By using photomultiplier '
photodetectors, this current could be increased by a hundred fold to give
potential operation over desert in near darkness.

Since V/H is proportional fo this frequency, all that remains to

be donme is to measure this frequency. We proposed to do this by counting the
number of times the A.C. component of the signal crosses zero. For a

=8ine wave input of frequency V F there are V F zero crossings per second.
‘ H 2a H a . :

COMPARISON WITH AUTOCORRELATION SYSTEM
The useable signal in an autocorrelation typeV/H system has been
computed under the same assumptions as the fixed grid system. Here the

useable current is

1rms =N 4D2a bec B
7 £)8

which differs by a factor 731 from the grid system current. Here, however,

the assumptions about the ground characteristics do not apply as much as in

3
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ity

the case of the grid system, so that the two systems will probably have

about the same net useable signal strengths.

-

EXPERIMENTAL RESULTS

Recordings of the output of A/fixed grid V/H sensor are given

in Figures A-l1 to A-6. "= ~ .o .77 ooz wm o L on

U —
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Reference channel = 40 éps at 0.2 volts/line
Recorder speed = 125 tm/sec.
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APPENDIX B

FREQUENCY SPECTRUM OF A FINITE GRATING

—~d

v
s

The spectrum of an infinite grating is given by the well known

o

Fourier series expression for a square wave. If the grating is not infinite

the spectrum is obtained b; convolving the spectrum of the window function,

- 77 or length of the grating, with “that of the line spectrum of the grating itself
;4 The effect of thie is to widen the lines into a sin ¥x function Qhose width

depends upon the length of'the window function; the wider the window, the narrower

the function becomes. When the window function becomes infinitely long then
the sin x/x function beccmes a single frequency or line.

Consider the gra;ing below consisting of 200 traﬂsmitting and 200 non-

transmitting spaces, each one of which is 1/20 mm wide

“\
N3
N

ey

3

| I'.osn 05wt
The basic line spectrum is given by the following:

i

o

Spatial frequency Amplitude Coefficient
cycles per mm Normalized
] ’ 0 1
10 2
- 30 ‘ -2/3
3 50 2/5
- ' 70 2/7
3 90 2/9

as illustrated in Figure B-1. The window function is equal to a spatial pulse

20 mm long. The spectrum of this is a sin x/x function with minima at £ 1/20

Ko

cycles per mu, £ 1/10 c/mm, # 3/20 ¢/mm, £ 1/5 c/mm, etc. Its maxima are at

0 cycles per mm, £ 3/40 c/mm, { 5/40 c/um, etc., as illustrated in Figure B-1.

sy

If each line in the basic spectrum is replaced by the above function

by substituting the line frequency for the zero frequency (using the superposition

theorem) we now have the spectrum of the grating.
Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6
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It {8 of interest fo note that the basic pass frequency of the
grating, 10 cycles per mm, is widened to a band roughly equal to 10 £ .05
cycles per mm. Thus an error can exist in the presence of an irregular terrain
frequency distribution. To minimize this potential error the number of lines
in the grating should be as large as possible. Roughly the possible error

is given by the product of ‘100 times the reciprocal of the number lines in

--the grating. R — , .

i
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| Z | APPENDIX C

— ELECTRONIC SCENE ANALYSIS

d The essential elements of the electronic scene analyzer are shéwn
3 : y

g

in the block diagram, Figure C-1. A Leeds & Northrup microdensitometer has
31 been modified to obtain a higher scanning speed than is norma;ly obtained with
= this instrument. Normally the fastest scan speed is 5/6 mm per second. The
i] temporal frequencies obtaingd from scaﬁning a negative are given by the product
.] of the pcan'speed times the%apatial frequencies in the negative. For a range
of spati#l frequencies from?l cycle per mm to 200 cycles per mm, the temporal
S} range would be 5/6 cycles pér second to 167 cycles per second. This is a
difficult range for the_dirgct recording process. This is possible to record_
a with the FM process but the ;stability requirements on the transport mechanism

become very stringent, and ﬁhe mechanism becomes expensive. For example,

a # 0.2% variation in tape épeed at a center frequency of 3000 cycles means
E] a £ 12 cps variation in playback and recording which means an error of ¢ 10

cycles per mm in the measurement of the spectrum. Increasing the scanning

speed to 14.6 mm per second increases the temporal frequency range to 14.6 -

Ei 2920 cycles per seéond. It is practical to record to 20 cycles per second

A and lower. The difficulty in the low frequency range is in reproduction.

Eg Hence, by recording at 3 3/4 inches per second and playing back at 7 1/2
inches per second, the temporal range becomes 29.2 to 5840 cycles per second.

g This 1is ; very feasible range to work with.

A photomultiplier head was made for the L&N to replace the photo-

tube pick-up supplied with this instrument. The signal from this photomultiplier
¥ ' is then amplified in the recording amplifier, Figure C-2, and recorded on

standard 1/4 inch wide magnetic tape on a Viking series 85 Tramsport. A

§ Engineering fignoned'Por dRase 2004/05/13 : CIA-RDP89B00739R000900070%0 128
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second playback head is used ﬁo simultaneously monitor the recording. The
tape, which is used in the form of a 55-inch continuous léop, is then played
back through the playback amplifier, Figure C-3. This signal is then put
into the General Radio Wave Analyzer. The frequency selector dial of the
wave analyzer is driven by a constant speed motor and the output of the
analyzer is:tecorded on a Bruﬁh Mark II Recorder. The General Radio Wave

Analyzer is not ideal for thiqmgggk,beéause the calibration of its_frequency

selector dial is not a linear function of angle of rotation. Thus, the

~ frequency scale of the recordings is not linear and the recordings are cumber-

some to interpret. This difficulty will be resolved byvfhe use of the Hewlett
Packard Wave Analyzer, which is being procured for this program. The frequency
calibration of this instrument is a linear function of shaft rotation, so

the frequency scale on the final recording is linear.

]
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APPENDIX D

STABILIZATION BY RATE GYRO FEEDBACK

The purpose of this analysis is to determine, within first order
accuracy, the feasibility of utilizing a rate feedback closed loop control

systea for stabilizing a platform with respect to its inertial axis. The

- performance characteristics of a commercially available snbniniaturé-precision-~———————f_

rate gyro and & low inertia servo motor have been utilized in making thiq
aﬁ‘lyail (ieo refaerences belov)._' -

The following aaaﬁnpticns have been made:

1. The vibrttionai énvironment and nechanical vibration lgolation
described 1n.Refetence 1 is assumed.
. | 2. an-linoiritiei'iﬁ all compbnenta'are'aasumed negligible.

3. An ideal gear reduction unit is assumed (gear inertia, friction
and backlash are negligible) or a direct drive motor is u‘ed.

| 4, Time dela} of the servo motor's winding {s negligible.

= 5. Time delay of the rate gyro's torque windings (if one is used
in place of spring loading) is negligible.

6. Time delay of the amplifier is negligible.

1. The Exploratory Analysis of Isolation Philosophies for the Protection of
an Ultra-Sensitive "R" System (Project 2570).

2. John Oster Manufacturing Company Catalog =-- Low Inertia Servo-Motor,
Type 15-5153.

3. The U.8. Time Corporation, Gyro Division Catalog -- "Subminiature
Rate Cyro" Model No. 40.

* EngineeringARepovtdPoer ’e3lase 2004/05/13 : C|A-R0939300739R0009000ﬂm-él
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7. The only source of noise within the closed loop system is
assumed to be that of the rate gyro as specified by the manufacturer, i.e.,
anplifier and servo motor noise (due to hysteresis and harmonics) are assumed
negligible.

8. The effect of linear acceleration of the airframe on gyro
per formance is negligible.

9.-~The*o£fects—ofvtemper;ture variations-on component performance
is negligible.

10. The angular rate of deviation of the stabilized platférn from
its inertial axis must not exceed 1/10 of‘l° per ﬁecond. |

11. The moment of inertia of the fully equipped platform is
estimgted not to exceed 4000 lbo.-in-sec.z. |

The approach used in analyzing the performance of the proposéd
rate feedback stabilization system was to assume a theoretical rate feedback

system in the form of a system block diagram where each component in the system

s represented by a block with its input and output signal sonnections to

iother blocks indicated by arrows which indicate the direction of the trans-
mitted signal (see Figure D-1).

The component dynamic i8 now examined. In ofder to reduce the
complexity of the problem, simplifying assumptions have been made regarding
the dynamic characteristics of each of the components (see Agsumptions). We
believe these assumptions to be justified since a first order approximation
of the performance of ﬁhe propoaed system is acceptable at this stage in
the development and the results will indicate the optimum performance that

can be expected from physically réalizable equipment.

-
P4
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Differential equations which determine the dynamic performance of
each of the idealized components are now derived and, by means of the Fourier
transformation, transformed into an operational transfer function of frequency
which will provide the gain (or attenuation) and phase shift which the coméonent
causes on a sinusoidal input signal of a given frequency. The transfer function
is now associated with its corfeaponding blocks in the system block diagram
and, by means of conventional-feedback-control theory, operational transfer \
functions for both open.and closed loop response of the system are derived.

The parameters of these transgir functions are related to the inertia, drag,
spring constant and other phyaical parsmeters of the components.

Thé next step in the analysis is to select a servo motor capable
of supplying the peak power and torque requirements of the stabilized platform.
By neglecting bearing friction and viscous drag, the platform maj be assumed
to present a purely inertial load to the motor. Using the estimated maximum
moment of inertia, the maximum allowable angular velocity of the stabilized
platform, and the expected vibration environment, the peak torque, peak power
and average power requirements .of the load were determined. Using these
calculated values, a suitablé servo motor was selected (see Reference 2) and
the required gear ratio determined. Refexring‘to torque-speed curve and
cbrque-versus control voltage (at stall) curve, the motor parameters were
determined and supplied to the open and closed loop transfer functioms.

The following procedure was used to estiﬁate the performance
characteristice and dynsmic parameters that a suitable rate gyro would require.
A good compromise between speed of response and overshoot for many practical
feedback control systems is obtained when the system parameters are adjusted

so that the gain maréin of the open loop transfer function i{s (-10 db) and its -
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; phase margin is (30 deg.). Solving the open loop transfer function for the

above gain margin yields an expression which shows that the required open

v el

loop gain constant is directly proportionai to the product of the rate gyro's
damping factor and resonant frequency.

The solution of the cpen loop transfer function for a phaee margin
of 30 deg. indicates that”the rate gyro damping factor should be three tenths.
’Substituting the derived relations and values into the closed loop transferﬂpw‘_“_‘@____
function gives us an expreasion for this function in which the only unknovn
parcmoter 18 the resonant frequency of the rate gyro. The absolute magnitude,
-i.e., gnin of the closed loop transfer function, defines the transmicsibility
of the propooed rate feedback stabilization system, showa in Figure D-2..;%

The selection of‘the rate gyro_vue made on the basis of requiredﬂ;
full scale range, resolutiou, zero errorf'and residual noise. All of theee.

factors were found to fall well below the maximum tolerable values rcquired by

the stability performance requirements for the rate gyro which vas aelected

5 i ™ i wosencll

(coe Reference 3). The nominal damping factor of this rate gyro is 1/2 of

’critical damping and, thereby ‘exceeds the optimum damping factor (3/10 of

i l

critical). Therefore, response of this rate gyro is somewhat more aluzsish
than that which is desired and may require a higher open loop gain and,
consequently, more amplification than that which is required by the optimum
rate gyro. |
Resonant frequency of the selected gyro is 26 cps. This frequency
is permigsible 1f the transmissibility characteristics of the vibratiom _
isolators approximate system "A" (described on page 26 of Reference 1), but

is somewhat closer to the resonant frequency of system "B" (same reference).

"-—‘\ 1. N l, n ” ii ' ‘ i ! | - '
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) .

7 However, if the anticipated vibrational environment approximates that provided
i

in Reference 1 (page 11 of 26), the coincidence of the vibration isolation
and stsbilization systems resonance should not result in excessive vibretione

8t 26 cps. The maximum transmissibility at 26 cps for the rate etebilizetion
system "B" vibration isolators is three percent, giving a system trans-
migsibility at resonance of 0.15% while the transmissibility when system "A"
ieoletore are used would be less than 0.041. CIeee B system would eilow a

- nextnun vibretionel environment of 67 degleec. at 26 cps vhich is far in -
excess of what is to be expected fron the vehicle at this frequency.

| The effect of reaiduel gyro noise on the noise level of the doaedl
1oop etebtlizecion syetem output was next evaluated. All other poeetble o
sources of noise were considered cegligible 1n thie enelyeis. The expected
nextnun noise level of the cloaed loop ctebilisetion eyetenfdue to the
preeence of rate gyro noiee should not be greeter than twelve percent of the

gyro's redisual noise. Thte residual noise is given by the nenufecturer as

not exceeding 0.08 deg/sec mexinun The systen noiee should, therefore, not

~ exceed 0.09 degleec. a tolereble value. ~
=

The results of the enelyeie, deecribed above, leads to the £ollowing

‘ % _-'i r—p——wi :

conclusions concerning the ptecticelicy of a rate feedback etebilizetton._j
1, Rete atebilizetion of the stabilized platform is practical

if a precision rate gyroscope of the type described in Reference 3 is used

to generate the angular rate signal and the vibrational enviromment and

isolation approximates thac described in Reference 3. .
2. 1f vibreticn isolation is nct provided, the epplicabtiity of

di the system is limited to vibrational environments in which the maximum vibra-
:J tion does not exceed:an enguler rate of two degrees per eecond.

] Engineering Repart Fig rei3e 2004/05/13 : CIA-RDP89B00739R00090007080£% 37
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3. Damping factor for the selected rate gyro is somewhat higher
than the calculated optimum value indicating some sluggishness in the gyro's

response to input angular rate deviations. However, rate gyros with lower

' damping factors than that of the selected unit are commercially available

if required,

4. Gyro noige effect should not prove to be a problem in the rate

feedback stabilization system.

-
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LY Cwes

The solution of transient heat flow equations is necessary for
the proper analysis of the thermal aspect by the windew problem. Aﬁ 1n1tial
solution was attempted by mathematical methods, but was found to be toe
complex for convenient theorotigal analysis. An electrical analog method was
~7 “derived for the solution of these equations.- ﬁo: oﬁly did the analcg nothod IR

afford a weans of obtaining the basic hent data, but it also enabled a

 convenient and efficient means for evlluation of various proposed windov design

pnraneters and configurntione

o

The initial analog design was bnsad upon & oimulacion of the

existing axperlmental window configuration; two sight inch dianeter, 0.878

o~

inch thick fused silica glazinga and one elght inch diameter, 0.480 inch BK-7 inner

glazing, Figure 1. This was done to enable a comparison of analog data vith

]

that of actual experiment.

.. = N e W Nne
;] : | 2%2 $§§ V4
] Tnside
i Envitonment N Y/ Vehicle
N | | Z

-,g Cond Fions // ‘\\ / Conditiouy
\'. . Z?
Ag —~—— 2%7 $§

N T e e

3/02 5/0, Bk-7
j Figure 1
J Engineering Report No. 5530 ) o | | Page .60

Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6




k‘.’w MJ n.--\_‘

bl el Lo

et [PEER Kizad | s Eaisd

G

i

Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6

The design of the analog computer is based on the following:

The properties of Corning 7940 fused silica are:

* Specific heat = Cp = 0.2008 <L = 0.2008 BEL
ga’C 1bVr

* Density = Q- 2.2 gm/cc = 0.0793 lb_

in3
cal cm Btu in
% Thermal Conductivity = K = 0.0037 S = 0.075 y
cm” sec C ,_?nA hr' ¥

* (Taken from data compiled by Corning Glass Works)
Average values in the range between -20°F to 550°F were used since tha quantities
do not change apprecisbly with temperature.

Co? = (0.2008) BEY_ (0.0793) 1B a 0.0159 B&Y
p = (C ) 1L5F ( ) re 2 S o

in” °F
: Btu )
gpg. _ 0.0139 =—=
X —1n" %% o213 Xy o 767 255
0.075 Btu in in in

in2 hr°F

CONDUCTION:

For convenience, each fused silica glass glazing 1is divided into

=

seven equal sections of width, d.

e o.878" ————
k] B

**d= 0.878 a 0.1252 in.
7

Electrically, the thermal properties of these sections are represented by

tee sections as in Pigure 2,

Engineering Report No. 5530 Page 41
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———

~ Rl. Kf2 Vo Rl Kfz
:i; “+— WV r— VW —— AN AN e
’1 p— - —— ¢ p—
]

= A= =

Figure 2 ~ Tee Sections

3 Where the resistors are analogous to the resistance of the material to conduct
4 .

heat across its section, the capacitor is an analogy of the ability of the
3 . material to retain heat, and the voltage drop across the tee is analogous to

the temperature drop across the section.

& 4 | | |
g Vﬂ(t): ,ZJE\IM%‘ Vo) . (Nn-i- Vn)]{[f* \ @
£ ’ n

/t
e o
i R‘l (Vo= 2Vn Vo)Lt + Y, @ Eq. (1)

From transient heat conduction relations,

LGt o (ol Loy
542'(' | K &({w Eq. (2)

i E |- .

Where &) = temperature, and is a function of X and t.

Ol-n thickness of the section

g’ - 1,,‘

é- x timg

-

A= distance to window section

Engineering Report No. 5530 Page 42
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Since,

16, _ Onsi-zonw Onmi

d=© oL *
Eq. (3)
where S = Q(w:;é-#—é_lﬁ)
' A
Then from equations (2) and (3),
¢ N
d S8 = Sneim28um _ LT g,
Ax Jz K —
el o de
- 25 P :
OF) G\ - 2Bk Ono = £ CeS /g, . Eq. (4)
K- lé ,
Differentiating Equation (1), |
RC ?.L;_\./;"— . (\{714—:‘2.\/),, +\/)«1-.> '
—
dee | Eq. (5)
Note that equations (4) and (5) are of the same form.
A time scale flctor,f;, is now introduced that relates computer
time,{, , with the actual window time,t , .
= ' . (: . :
(3] tw 3 ISJUC_ . . qu (6)
; Introducing Eq. (6) to Eq. (5)
Y} AV ’ ? -
/—«(//‘\1— '(‘KL‘—' L\/wn"é\/"t +\/"“>
17./*“) . ‘ N
Bq. (7)

Since voltage is the analog of temperature, then from eqns. (4) and (7)

- |
SKC= £ 60 L (s (47) 32
K "

. 12. 05 %

n

. - ’=J on
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Let R = 39 K
1 C=1uf

Then RC = 0.039 sec.

! .039
- ' Time Scale Factor = S = 309
» At equilibrium, the flow of heat through each section is
L’ h = 'K 0(9 ,‘,
3 T
but LEx = Gy - On-n
' -k . , -
. h - d (ew + /c ““ (9’1 - |/z> xq- (8)

' Electrically, this is analogous to the current through n .

|

- or L““ = ‘/\1 + 5 ~'\/)1-\/¢

Eq. (9)
g
3 and K 1s'analogous to 1 -
‘ d R
Fow, lat the relationship between voltage and temperature be

; vhere a and b are constants
] Introducing the relationship of eqn. (10) to eqn.. (8),

h=-K [/ .
1 ALY ISR

b= d <\/’7*"/'L -\/‘n —V-,_)
"2 And from eqn. (9)
7Y - aK
h + =3 R Ln
., o Eq. (11)
i .
r Engineering Report No. 5530 Page 44
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Bt (/ E
/\,,& 0,075 o \Uv }
- = — X 39
L 1252 L | X 200 sec 7,000 o s

f‘ x.Jl
= &fﬂ &,/ x Ca e,

3 . , Eq. (12)
,§ "o }\:-\r 12:0 o L _{_—gil-‘-—’: {o”’s x____. )(_,({y B"M
T’k onp olds Ta Csec
] TION:
E' The radiation of heat across the gap between l:he windows is
r:l represented themlly by _
| - € €&, [ . ‘4’-_'» ' .
g =0 —“__f‘?é S AL Eq. (13)
MY A Y

Bhe |
vhers ot L) the scefan-Boltzmnn constant = 0.1713 x 10~8 Rt

é - uiuivity at surface of first: window

GZ n emigliv;ty at surface of second window

. ‘ Y i

T

©y +/, = temperature at surface' of first window

%

. vy

-

&m -l m temperature at surface of second window

If the ratio of O+ Y2 t6 Gw-Y, (in absolute measurement) is up to 2, then

e

‘ o \ L‘I— £ 9'_,, / o ' )
: = M T G T (Goty - O o) () 4
] And from eq. (13)
hoi= & S oo N5,y oo
J vad &, - €&, ’{ Gue, )(-/q-\-/z_ Bom- /-L) Eq. (14)
} Eq. (14) is of the same form of eq. (9), thus
: L, = H‘l"‘l&
g "{ a 7 EL.E-.E'_—.—-——- QQULJ i
. é[ ""éz_‘éiéb
g Since, from eq. (12)
{7
hel2.0a4
v b
p Engineering Report No. 5530 ' Page 45
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ol il

i 7 ,:f-l Wana L),.i

N
o
"j

[ 255

Ehen

and

R = L'J_J___‘______

vhere

Bq. (15)

= 3.47 x 10714

éubstituting into eq. 15 for various Q.W;, , the following values of R are

4

“found:

Case 1 - No cbatings on window surfaces

12.0

JE . U

E= -’-/(//é,éz
gl,ét-(:.éa Bine

" * 0 a,’,.fqg,,,s

s G—‘: ét.
6°k el ét‘ ENE -€,6¢
300 " .89 .89 . 800
’400 -87 a87 0770
500 .84 .84 .724
- 600 .81 .81 . 681
700 .77 .77 . 626

Case 2 - One window surface coated, the other not coated

300
400
500
600

700

.89
.87
.84
.81

.77

.2
.2
.2

.2

Engiheering Report No. 5530
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.195
<194
.193
.191

. 189

.99
‘61

418

17.00
7.22
3.71
2.18

1.38

Page 46
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Case 3 - Both window gurfaces coated

1Z+0

xw' nipobaes

é
ek & & é,+éffe,ez =i & s o
300 2 .2 .111 30.00
400 .2 .2 111 12.60
| 500 2 2 111 _' | 6.46
. 600 —— 2 .2 . 3.4
700 2 .2 a1 2,38

AT

. stnce the enissivities are functions of temperature, an average slope

,‘(uken .t thc nid-poht of the range) nust. be found thac wnl ﬂt the relauonohlp

- between ruiltance and temperature.

b

)

s

h" g ‘»’ 5 > M : - ﬁ i - a2 n:,.; ‘:

g o

"‘rhua ior Case 1:

/9) s
f/
dl&’

= 2, Ié

- 233 104
£ - -z.éY

Por Case 2:

! I3
hop\ & | 131
300/ 17'0()

£ = =297

Page 47
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And for Case 3:

- .
-

S, )«; £
_ = -
,"] & g,
caa ke 235 L Lyay
5 3000
; A = = 3.00
i
F T T Tt T . - K
A curve was drawn based on measured values of detector resistance vs. voltage.
3 ' : Y
3] Transposing values to correspond with the slopes calculated above,

corresponding voltages are calculated below.
The slopé reiationship is:
, .
Zé_;£2%~——~ 7
r[f q, 7 - é

\

Eq. (16)

]

)

For se 1:

From "Detector Resistance vs. Voltage" curve, n = -3.41

= - —2.b% _ =341 (s00)
g] AL Lﬁ; : T-b 550 - b

Loty o 31

sce - b
(x/\'\GL b = - 3 b (é :‘-()d (‘,é)

ed

Since T = av + b

then 500 = 65a - 136

i bud

anda- 908

Thus, the corresponding voltages for each 6 value taken are:

I.u = ’i

] v
‘ 5
%] 300 " 44.5
400 54.7
q
g’ ) 500 65.0
- 600 75.1

[ 559

Approved For Release 2004/05/13 : CIA- RDP89BOO739R000900070001 -6
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8 v
700 85.4
o 13.7
For Case 2:
n= -3.55
Adiog K | _sa, 21 - -3{9‘(500)
dubgT o T-b (s00-6)
S =297 = -3.55 (se0)
J¢co- b
and b = -97.8
since T = aV + b
then 500 = 45a - 97.8
and &= 13.25
. oy
300 | 30.0
400 37.5
500 45.0
= 600 . 52.6
700 60.0
For Case 3:
n = -3.62
of g X - —3.00 CoxI =342 (502)
oL Leg T 7-b $00-b
“ S0 =  =3.462 (50
560~ b

and b = ~-103.3

then 500 = 38a - 103.3

and a = 15.9

Engineering Report No. 5530 Page 49
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X 300 25.4
‘5 400 31.6
- 500 38.0
} 600 44.2
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700 50.5

—————— - e . VO - N

© -~ CONVECTION:

The thermal convec_ti.dn_.of heat caused by an air stream through

the gap between the windows is 'represente_d' as in Figure 3 below

g ' 2 | ' . ) Eq. (17) .
a 2 léﬂ;r hConv,‘ Q lgv‘*"L-‘ ea'l.(]
/ []

a ; whe(¢ Q = CJV\VGL‘LI'OH Conﬁ'}a.l’\*.
P L g

Qr\fVL

Flc?u.n’(; (3_) Cor\Vech;:n SCLIE-Ma*\'C

3 Eléitrically,‘ the heat convection is simulated by Figure 4 below.
i’ vm 3 | O DU Y
§ - VW= — = T = = AW~ '

l .
i | N
3 i RQ
j | \/a:/
‘ 4
’)] ’ . ._L .
Le * RQ [vvw LT Va.'r Eq. (18)
]
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. 8ince T = aV + b, and from eqs. (17) and (18)

o _h . /204 /2.0 ¢
L2 Qak, — - angps
¢ @ 2 RZ ¢ gﬁp

_6:.*“._:—"'_

and /f; - 132;L.,4M: vhere Q is in units of sec 1t %K Eq. (18a)
It is intended that the value of RQ will be chosen to suit various window

parsmeters.

The last vindov is of Bx-? rather than fused-silica quarts and 1:

- 0.480 1:. thick. Bemu of the differncu, it becomes nocouary to calculate

_ thc totll resistance value tequirei in the annlog of the last window.

. Yor BR-7 ‘
Cp - o.199 l’-‘—‘;— .
162
0 = 160—-3» = 0.093 12

Btu in Bty
K =355 _T""' = 0,0382 m

hr : - gee
. ngﬁ - 0.482 357 = 1735 {;;

From eqs. (4) and (7):

;fcf a""(',a€
K

ﬁlh&l been established as being 309
Caluf =1 x 10°% farad

d= ,480 = 0.096 in. (using five gections)

> sec
.©, R = in2 () inz = ,051 x 106 ohng
309 (1 x 10°°) farad

3

R = 49,000 n
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ANALYSIS OF ANALOG ACCURACY:

The errors inherent in the electrical analogy of the thermal heat
transfer across the window system are briefly discussed below.

The mathematical outline of the computer involves differential
equations which may be functions of complex form. The differential quantities

were approximated by making them equal to finite 1ncr-ent quantities or, in other\

words, dx was approxinatea byAdx (eq. (3), eq. (8). Seven sections were used
in the analogy of the quartz thickness.

Using a fused silica glass window divided into seven equal sections

of width, 4, the heat flow through each section is
g - 4T
he-kA L

Kv

We can approximate over a small interval the temperature functioa by a taylor

expansion about point x.

Rn'gineeti.'in"g' Report No. 5530 : Page 52
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At edge B the temperature can be written as

Vs, ™ Ty v Vg ¢ Tog 4 20 a {Xq. 20)
(1+4) (r) ()72t = y + Lol .. q

At edge A the temperature can be written as

—~ ! m 3 : p

ey Ty mTg ke Tat TG4 (8. 21)
I’ 3 "

©TacTs v 6/ 7“6*‘()"_ - (k. 22

Bouindi

vere T' (x) 1s the True Temperature gradient at x. .

'Rmtting oq. (22) ve have : | : : o S

77“7:’ ___I ’.dz P
"T- 1y f____.(_l ‘Z*

However, after the first 5 minutes 'r(x) in the first platc is sufficiently

linear such that

-7 I
_T:__Lﬂ - le)

d

NN

’

' 7}7}

'ﬁ .~‘x~ E’

z‘ 'J-’,-i

From this result we estimate that the major effect of this approximationm

is to give an error in the time scale of 3 minutes or less.

|

Incdetermininmg.-the :empérature dependent parameters, namcly,' thermal
conductivity, specific heat, and emissivity, the mean value of each parameter
was calculated over the temperature range of operation. These approximations

are considered to introduce no greater error than the magnitude of error inherent

-
.

‘.' - h\' m S
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:z in the compilation of the original data for fused silica.

The heat transfer coefficient for forced convection in the second gap

is dependent on physical properties of the coolant and the configuration of the

N

apparatus. The physical properties were calculated at the mean of the cooling

iaad

R

air. The plate was assumed to be & square configuration. The error due to

these assumptions is considered to be alwmost negligible.

Further sources of error are due to innate inaccuracies in the

Ed s

electrical components (for example, capacitor leakage and tolerance in resistor

values). The expected errors due to component inaccuracies were calculated

to be about 5.4%.

The errors induced by components can be found as follows:

We denote the N elements of a sample by x3, xi, X3+ "“N:.
vhere the va_luu of each elemeﬁt are distributed independently of the other

values and according to the given distribution function x. The variable x has

a mean { and variance 6 t

The sum and the mean of the values

Ty

s: .= 81-0' 82+ oCl:o_oc + m

i

X =1 (X) + X2+ coves + Xy)
N

vary from sample to sample.

Now
M (Sg) = M(x1) + M(x2) + «.... + M(xy) = N &

V(x) = V(1) + V(X3) + <eouue + V(xy) = N §

where M is mean and V is variance.

(T s B

i
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—— et

Consequently
x® = £

v = O
N

The standard error is defined as the square root of the variance thus

LR S.".‘ = 6
N

The standard error of 25 resistors and 21 capacitors is

)

4
.

Capacitors
!1'!2-33-Xu-201

20k
6-[2?1(81'8)_] = 20%

£ £1 ..
N = 21 V¥ = 6.6
808. = 20 -
2% .4

Resistors
x1-x2=~x3=xN=51

fe e Ty
[

Hf

€ = 5%
n

S.E. = 253 = 1.0%

i

]
w

Total error in system 24.4% + 1.0% = 5.4%
The error caused by approximating the (914 - 924) term in the radiation

relation by 4(@; - 92)(0‘“3) eq. (14) can be calculated.

G o b

'ip-':r . |- .
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For the radiation equation:

4 4

91" - 82" = 4 (81 - 82 ) Bgve” Eq. (23)

The range of values for 01/02 which make the above approximation good to within
(x2) can be found as follows:

y 3 |
Percent accuracy =% = ¥ O (*9' ‘91-) Eq. (24)

Thus eq. (24) become -
50 (9,+91\3(90’9L)

v e ,
¢ &2 N 2 : AL
s (0, +6, ) (O, F-94] .2 (o, ror)
(o o (orros) | Bresc
e, T
(%.+1)
G4t
r s ; Eq. (25)
((&a) e .
Rewritting eq. (25)
= o : . 0, | - ). '
(?-ﬂ)(/gt)—loo (/@L)f{l"ﬂ)-() | Eq. (26)
Using equation 26 the following values of 8,/8, were calculated for various
values of
% Error (X) 91/92
0 1.00 -
2 1.33

5 1.59
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1 % Error (%) 8,/0,
8 1.84

| : :
3 10 2.00
?5 13.9 2.25
* 15.6 2.50
! 17.6 2.75

. 20.0 R 3.00 _ .

[ |

The maximum value of 91192 about 2.5, occurs between surface 2 and

3 of the proposed window configuration. ~The simulation inaccuracies are

S

presumed to be about 5%. The use»of empirical relations for heat convection are

‘probably accurate‘within 130%.

The analog is designed to be a one dimensional model and does not

|i.~il ‘i. »:i'

take into account conduction, convection, or radiatiom to the side walls

or the window supports, although some corrections can be easily made if these

(S5

effects are small.

The recording instrument can be read accurately to the nearest

quatter of a scale diviaion €3 1/§). This can amount to an error of 2.2F°

or a total error of 0.4% over the temperature range.

Iz

e

‘: :.‘Mi:l’a M"' lﬂﬂi
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inner gap. This:will result in a tharnnl gradient, 1n the direction of air

Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6

ETERMI ON OF COOLING AIR TEMPERA TR:

The primary objective of the cooling air is to naintaip the inner
surface of the window at a preselected temperature; 130°F has been used in
this analysis. However, the manner in which this is accomplished will ultimately
be a determining factor in ent‘blishtng the thermal profile of the window.

Cooling air will necessarily be introduced from one edge of the

flow, in both adjacent glazinga. The allowuble 3radicnt in each zlazins is

deternined by such factors as tolerance toii{ndex of refraction chanscl in the

~ glasing and in the equipment bay environncng and effect of non-uniform :bornal

_expansion of the gluzingz. These tolcrances have bgen discussed in Appendix

r.
Various 1nveotigatora have analyzed the heat trnnafer chnractertutics
for laninar flow betwten parallel plates. Their data indicates thtt the

coefficicnt of heat transfer 1nct¢nacs lincarly with cooling air velocity in

a 'y pl:ticulnr parameter range. Beyond that range, it varies nonlinearly; the

dcgrce of nonlinearity being deternined by the window and cooling air parameters.

- The ioner glazings will develop a thermal zradient which has a close
corre;pondence to the temperature of the codlin; air across the window. To
ainigi:e the therua; gradient in the inner glazing, it is necessary to 1nttod§§e
8 high rate of cooling at a small tenpetatufe difference relative to the inner;
glazing. The limiting case is one‘which soaks the inner glazing in 130°r air to'
maintain it uniformly at 130°F,

The gradient in the middle glazing is somewhat different in behavior,

since it has a thermal history diffcrent than the inner glaszing. The
magnitude of the gradient can be reduced by tipping one or both of the glazinzl

to form a wedge-shaped gap. Such a configuration will increase velocity

Kngineering Repast ey F&?delease 2004/05/13 : CIA-RDP89B00739R00090007 ¢Qlk-658
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with & decreasing A T, between glasing and air. However, since cooling may

vary nonlinesrly with velocity, such a wedge shaped gap may result in a

[ |

non-linear gradient. The magnitude of tolerable non~linearity bécomea a major

consideration, as set by optical considerations (Appendix F).

w

Therefore, in any case, some gradient will result. Based on these
considerations, a cooling rate and cooling air temperature can be established

wvhich avoids or minimizos harmful optical dezradations caueed by thermally ,

induced index changes. Iurther work is necessary in understanding the optical

behavior of the glazinga and equipmcnt bay enviroument, and also 1n establishing

d

more detailed thermal data before this value can be determined. '
The thermal analog is a one dimenaion model. The analysis of thermal

‘"ﬂi»profile obtained by using the analog computer is representative, tor lny one set

~of input conditions, of a section through the window, such as the leading edge.

The required coefficient of heat transfer to obtain desired cooling of the

inner surface along the section analyzed was determined. This cocfficienc

is a function of Cemperature difference of the air to inner surface temperature

and vélocity. Thus, although temperature of the cooling air and its subsequent

i i

velocity have not yet been finalimed, a complete temperature profile through the

ono dimansionnl model can be obtained.

Figures E~4 and E-5 show the temperature profile for the six window

surfaces, for such a section. The input heat profile i{nto surface 1 is obtained

.,.

from mission profile:data and corresponding temperature.

t,, - }i “ . ._«i- .
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APPENDIX ¥
INVESTIGATION OF IMAGE DISTORTION IN WINDOW AND EQUIPMENT BAY

Discarding all influences upon the image forming wavefront prior
to the window (which have been discussed in Document 57) thc‘vcvefront from

an infinite object may be considered plane. The quality of the image which is

I N

ptoduced by. onch vnvcfronta is determined by ouch faEESEZAZ; diffroction effccto,
correction of the innge forming optics, and diotortion of the inconing plane waves.
Thc required cortcction and pcrmioaiblc difftcction limits hove been oatablished
vhich vill result in ouch inoge quality as to tooult in tho dcsitcd resolution.-".
lt iu neceaoary‘toﬁ:;;ooiioh tolcrances upon”;;iowable wave deforn&tion rcoulting
fron bay cnvironuont and vindow cffecto in ordcr to naintain thc ncccnoary inagc
quality. |

The criterion dpon nhich this analysis is based is that deviations

‘ 55'1/10 wave per inch from a place wavefront are tolerable. Thio is equivalent

to a ray deviation of‘l oocono'of arc or 4.8 x 1076 radians.
= One source of wavefront distortion 1s index fluctuations or inhomogeneties

of the window material. Fluctuations of index as well as index gradients have been

determined for suitable window macerialo. theoe values are listed in Figure F-l,
c It 18 not a straightforward analyoio to ascertain the allovabio

index fluctuations based on the established deformation tolerances. This is

because the nature of the fluctuations themaelvcs have a decided influence

upon their relative effect, For example, several sharp index spikcs vhich

exceed what would normally be excessive limits are actually more tolerable than

continuous fluctuations ghich have wavey shapes whose amplitudes are within

_ xnzincerinz Report No.
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COMPARISON OF OPTICAL PROPERTIE

il
Material 1723 " 7900 7940
Pi'operty Aluminosilicate Vycox Fused Silica
Refractive Index
. 1.546 (1) 1.458 (1) . 1.459 (1)
(N; 1line)
Homogeneity -5 -6 1 -6 .
3.8 x 10 3x10 (1) 8 x 10 (1)
Index gradient/inch/inch thickness
Homogeneity (for 20 inch diameter blank) -5 : -5
——- 1x 1072 (1) 2x10° (1)
Index gradient/center to edge/inch thickness
A_u_ hange of Index -7
AT Change of Temperature (°C) at .6u 100 x 10 3)
Transmission, percent
1/4" thickness 90 - 92 (1) 91 - 92 (1) 92 (1)
Total Emissivity 300°F .90 (1) .87 (1) .82 (1)
600°F .90 .88 .81
9000y .89 .87 .79
(1) Data from Corning Glass (2) Measured value (3) N.B.S. Vol. 53, p. 188

Figure F-1
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tolerable limits. Not enough is known as yet about the statisticai nature
and shape of index fluctuations in each of the materials to most efficiently
minimize the distortions from this cause. |

An initial approach to the problem, which considers the allowable index

variation across the pupil is as indicated in the following diagraii.

- — .
Optical Path Length = mn ‘

g . | Ny N = ineex nl(z. i S ..
* .

Optical Path Differcnce(xz - x;) = n(nxz - nxl)

OPD-!_lAn V

%axssxloscmfotx-.ﬁx

Therefore

Ans=6x108
m

where A\ n is the tolerable index change pér inch.

Evaluating An for several thicknesses, we obtain

hickne cm n
1 ‘ 6 x 106
2 3 x 1076
3 2'x 1076
4 © 1sx108
5 1.2 x 107%

According to this analysis, in a 5 cm thick window, 8 linear gradieant which exceeds

-6

1.2 x 10 © change in index across the pupil is intolerable. The effect of a

Engineering Report No. 5530 | 64
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[ )

linear gradient is only to translate the image laterally with respect to the

film plane, with no resulting image deterioration. The allowable image trané-

o d

lation is dictated by pointing accuracy requirements and upon tolerable resultant
chromatic effects. For a monochromatic system, An = 10-1 could be tolerated.

Therefore translations resultant from An=1.2x 1075 are certainly tolerable.

S I ,i

A more realistic analysis 18 to consider the index fluctuations to
———— have- the-form of sine-waves. This type of gradient is much less tolerable than _

the linear one, since it has the effect of spreading the energy of the image. Consider

Mot cad

a 1 second energy spread (t 1/2 sec.). The sinugoidal gradient can be represented

as a varying linesr function as shown in the figure below:

1
|

It
.

R

- ‘, e z’._‘,, - ;

Engineering Report No. 5530 Page 65
Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6

‘.‘, RS B t .~ i, }




~

.

nncd

iz o

S s L___J i

o "‘:‘_‘V ’

e

D] [P,

Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6

. = tolerable ray deviation

= % ,5 second ‘
= t 2.4 x 10°% radians
.
x=xd

for d = 1.2 em

x = 2.4 x 10°°

x=2x10"%cn
X = OPD = niAn where m = thickness

An=2x 10
m

and since 2d = Dx1 inch
A n represents index gradient per inch across pupil.

Evaluating An for various thi'cknesses", we obtain:

thickness (cm) n_
= I : S 2 x 1078
2 : : 1 x 1076
3 .66 x 107
4 ~ . .5x% 1078
5 ,, ez 1078

The validity of this analyjls depends lar'gely on whather a linear
approximation of the sine-wave is a realiaticb repregsentation of energy distribution.
The fact remains that it is possible to make acceptable schlieren‘

windows of compara.ble‘ thichness from such material es fused silica. Corning

estimates an index gradient of 8 x 10”6 per inch across the aperture, for a one

Engineering Repgrtdifed #310Release 2004/05/13 : CIA-RDP89B00739R000900078881-66
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,I inch thick blank (see Figure F-1). This is an order of yagnitude

in excess of the tolerance calculated above, eventhough schlieren windows require

kv‘ewcj

similar wave deformation tolerances as are applied here.

Goed

Some improvement in minimizing the effects of index fluctuations

can be brought about by local figuring of the polished window. This has the

Lo

effect of locally varying the window thickness to compensate for varying index,

" “maintaining:

4 1;{-'1.1[

_ mn -vconsﬁasé N o
This is more feasible for a_échlieren windoﬁ tgaanot this configuragiéh,.sinc;
the schlieren window is one éiece of glasa,gﬁ;ed at normal incidencé; ?araiiag
: whichhis present in a npaced three glazing coﬁfigﬁration would dimiﬁlhﬁfthe
effectiveness of this techniqué. : o :
- The analysis of 1ndéx variationa wiﬁhin the glazing material 1ndiéatés

that further investigation is necessary to'éstablish whether available material

is of sufficientlylgpod homogeniety as to not impair optical performance. In

particular, it 1s desirable to understand more about the shape and statistical .

natire of these fluctuations.

The effect of a thermal gradient in the 3lazing materials on a
plane optical wavefront must be determined to establish the tolerable magni tude
~ and shape of such a gradient. For the purpose of analysis the gradient can bé‘
‘divided into two components, one normal to the window surface, and one ﬁstailel

to the window surface.

el bk T’ji

The effect of a thermal gradient normal to the parallel surfaces of

a glazing material:on a plane wavefront would be a uniform retardation aérOBSj

the entire wavefront. The wavefront itself would be undistorted after having

passed through the window, and consequently the image quality would be unaffected.

3 Engineering RempptoVed Fd3Release 2004/05/13 : CIA-RDP89B00739R00090007D88¢-667
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A method for computing the effects of a lateral thermal gradient on

S

1
an incident wavefront has been investigated theoretically by G.G. Sliusarev .

N |

The investigation is based on the change in shape of an optical component

under the influence of non~-uniform heating as well as the effect of thg gradient

ey

on the index of refraction. The results indicate that for an optical element

in the shape of a plane parallel plate, the deviation of a light ray is directly

el

proportional to the thermal gradient g, and to the nominal thickness e, of the

optical element. For a plate of refractive index n, linear coefficient of thermal

s ‘f-a

expansiong the coefficient of change of refractive index with temperature g, the : -

deviation E , 18 given by:

= eg (n-1) + ega = eg [(n-l)oc+ B] = Keg | ' Bq. (1)

A plane parallel plate under the influence of a temﬁerature

gradient wquld expand by different amounts along its length, becoming wedge shaped

and displaying the optical properties of a prim. A ray of light incident on

the pléte would therefore be deviated by an amount 2, given by: 5‘ = eg  (n-1).

In addition, there would be a second deviation due to the change of r;fractive

index with temperature given by:

=

£,= es8

.
b

E?

The total deviation is the sum of these two deviations and is given by the

feiad

Sliusarev equation, (1).

For the particular case of a fused silica plate:

o =3 x 107

per °r
B = 55.5 x 10/ per °F

n = 1.459

o e I|

K = [(1.459-1)(3 x 1077) + 55.556 x 10'7] = 5.6933 x 10~
£ = (56933 x 1076) eg

1
OPTICS AND SPECTROSCOPY, Vol. VI, No. 2, February 1959 - "Influence of Temperature

o

Gradient of Glass of Optical Systems on the Image Produced by the Latter"

‘:.. -ﬁl m
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The total deviation of a8 ray is therefore a linear functionm of the local value
of the thermal gradient. A plot of the deviation against the gradient ia' shown
for various thicknesses in rigure'r-z. The shape of the thermal gradient will
cause different effects upon an impinging plane wavefront. The simplest case
of a linear gradient will result in a wave deviation, but no wave distortion.

This will have no effect on the image except a displacement of the image laterally

is tolerable. The next simplest case is that of a gradient assuming a quadratic
forn. The eftect cf auch a éradient would be to introduce cylindrical power, and
distort the plane vavefront along one axis. Tha regsult would be aatignatian-of
the image. The tolerance for the amount which a. tlnad gradient can dapart from
linear can be determined by establiahing a valne for the allowable wave dafornation.

In general the same approach holda for any variation in the thermal
gradient as long as this variation is not tco rapid.

The specific confignration under consideration is that of three glazings,
separated by gaps. A coolinéhair flow in the inner.gap will cause a therma;;rg

gradient along the two inner giazinga. For the condition of vacuum in the.

_outer gap, any thermal gradient across the outer glazing cauged by the gradient

- of the inner glazings would be of second order consideration. Inasmuch as the

gradient produced in the two inner glazings ia in the same direction, they can

. be congidered as one thick glasing, 1.5 inches for this analysis.

1f E: = Keg) is the deviation at some arbitrary point along the length
of the plate and £, = Kegy the deviation at a second point, the L\E- xe(gz-gl) =

KeAgor Ag= . 1__A£ . l'or a plane wavefront atriking the plate at nomal_,

incidence, the maximum allowable change in g, the thermal gradient, across the
entire pupil, is:

g = 1 __ s5x107®
(5.6922 x 10-6)(2)
| 2

'Engineering RepgysrdiRd F83Release 2004/05/13 : CIA-RDP39B00739R0009000 A -69
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1
e d

= .595°%
in

based on AE = 5x 10.6

radians.

el med

This value, unfortunately, even though imposing a tight limit,

considers only the case of normal incidence. For oblique incidence, the

allowable gradient variance decreases appreciably. This case has not yet been

S

analyszed.

Finally the naturejlof. in;lex._ fluc't;'ations in the air present in the

e

optical path must be'analyzed‘. .

r, ..;f:ﬁ

The dependence‘ of optical index on gas density is given quite accuratelyz

L (a-1) = 2 (my-1)
g - where n = index of refracﬁiion, and

P= density.

Ii'.vﬁ:a

It 48 also knowns’ that

£ "))

for a constant volume, where

oy

ﬁ' ‘;mﬂ. 4

P = Pressure in mm. of Hg
T = Temperature in °k.

Consequently, we can express the dependence of index om pressure ﬁd_

temperature by

760

ier s Iu; - i:. E"'ﬁ?a

(n-1) a('l,_\)('z'?) (ng,-1).

3 _
- Jenkins & White, "Fundamentals of Optics" 2nd Ed., Page 251

3 .
- American Institute ot? Physics Handbook, page 3-56

B3N

N
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R

' 'dr A= 06}1’ no'l = 2-92 X 10-4, When P = 760 m-,' T = 273°Ko SO,

(a-1) = 1.05 x 1074 P, ,
T

and therefore

dn = 1.05 x 10”4 per mm. Hg
3P T
1 gn = - 1.05x10"% PB_ per °K.
: 3T | 7

V‘nuu we arrive at the followiug table:

P-1/38tl=250m P-I/lOam=75m
T = 110°F = 316°K | T = 130°F = 3260k | T = 110°F = 316%% T = 130°F = 328°K
| %—% L 3ax10? | s2x107 0 33x107 | 3a2x 10"7
(p“_ m Hg) Sl o D RO R e e !
3 - %:;- o 2.6 x 1077 2.6x107 | 7.8x10° 7.3 x10°°
(per °K) _ ‘ o
vFu:themore
93 An=3n AP +Jmn AT
d | -Ra 92 + da) At
oF JT oT
g =n + dm QI| AP ,
oP T oP

and thé last two expreesions al'low calculation of An as a function of either
AT or AP alone, providing the functional relation of P and T is known.

Now, consider two light beams passing through a gas layer m meters

oPL > ™A,

Emgﬁ‘l ‘ i .- Ii N TR

! }
]
) 0«"!—7""\7_ ™
v *
]

——tlelt L e

) A

Cr' < w-iu

thick. The optical path difference {s (mnj -~ mnj) or m An. This difference

!nginuting RAPBERVRE FosBglease 2004/05/13 : CIA- RDP89800739R000900070Q9&
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must everywhere be less than about 1/10n where A = wavelength of light.

Lemrmaned

I1f we assume m = 0.5 meter,

A = .6x10% a1.2x107

Consequently Ah = 1.2 x 10.7 18 required, and this is nearly achieved

when
AP .38 mm Hg (T = constant)
] AT= .5°% (P = 1/3 atwosphere)
| AT= 1.5 %8 (P = 1/10 atmosphere) |
] It can also be achieved in wider limits of either AP or AT provided 3__.1; >0 -
@ : siﬁce 83 _;. > 0 and %_% < 0. That is, if :lncfeuing pressure is accompanied

by 1ncifeas£ng tanperaturé ‘(or both decreasing), thenAn 1is reduced. Por a

Boyle's Law gas, at least, 0P - O always.
| ST

However, the nature of turbulence is not well understood. There is

some question as to whether it follows the laws of an ideal gas, as indicated above.
Consider the case of adiabatic conditions wvhere: '

1 : .
v pl*¥ - constant

e i -.J i‘ R .

Evaluating the constant at operating conditions of 130°F and 1/10

atmosphere

¢ _1e R -
et o (328 5!

= 3300
5.9

= 560

&=\
Therefore T = 560 P7 .

Q)|QJ
-3
|}

|°<
ol
=
W
[=A)
[}
R
L)
«
t

o~ T
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- l - J
= Ll se0v- 2T
= 041 071 7071
1.41 (560) P
- 25,9 p71
at P > 75 mu Hg
aT
DY 1.20
From the previous analysis, we have )
4n _(bn ,3n e_r.) |
AP T\ap T 3T P
substituting
| An -7 : -8
AP = 3.2x10 " « (7.3 x 10  x 1.24)
L o -7
AP 2.3 x 10
for P=75mm
T = 130°F
and An _[9n Q_ n
AT (43P .)T JT
sub;ét:l.tuting:
4z (3.2 x 1077y (.8) -7.3 x 1078

AT

2.56 x 1077 - 7.3 x 10”8

1.83 x 10~/

fpr P=175mn
T = 130°F

In order to maintain the established tolerance that
An% 1.2 x 1077

AP=< .52 mm !i;. and

AT = .65°k
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assuming adiabatic conditions at 1/10 atmosphere and 130°r temperature.
Experimental studies were carried out in an effort to confirm the
critical effect of thermally induced index fluctuations. It was found that image

quality was decidedly influenced by the pressure environment, and image quality

improved with a decrease in pressure.

]
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z APPENDIX
-2 | A MISSIVI N

| SUITABLE FOR WINDOW APPLICATIONS

An investigation was carried out to ascertain what material could
be used as & coating on the glazing surface which would provide high transmiesion .

o properties in the region .4 to .7y and high reflectance properties in the near

3

@t
e

" and far infrared. Pteliminnry work indicated that a thin layer of gold

might have the deaited.proﬁéttles.

(==

_Several_fuaéd’aflica samples were coated with different thicknesses
of gold, with a protective undercoat and overcoat. Spectrophotometer rebu;ts

indicate that transmittance, and electrical conductivity were dependent upon

i if “ l‘ I.iﬁ

: - : o o ,
"coating thickness for the thickness range of SA to 60A investigated. Infinite
resistance was exhibited by the thinner coatings. The coating which exhibited

 the most desirable optical properties had a resistance of 22 olms/square, -

an integrated transmission of 70% in the.vibible region, and an in:ggrated‘

ihibsivity of 0.2. Figureic-l:ahowa the transmittance and reflectance values

~

o . : _
for a 47A coating on a fused silica substrate. Emissivity was calculated on

the basis of:

beesld

€ = 1 by (Tneas *+ Rmeas) '

The nature of thc'gpld coating'is such that it exhibits the

tendency to change its properties under certain thermal conditions. Tests

s

wvere carried out to determine whether the coating would breakdown in the

|

temperature range for which it would be used. Tests so far have produced
the following results:

1. Coatings on fused silica and glass, subjected to temperatures

el R ey
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up to 600°F for as long as 24 hours have maintained, to a first order, their
original electrical properties.

2, Some samples, on glass substrates, subjected to SOODF enviromments,
have changed properties within 1/2 hour of heating. The tesiatahce has

been infinite, indicating that the optical properties, in the infrared region,

have become undesirable.

| The emissivity of several coatings were measured at temperatures '
exceeding 600°!. Preliminary analysis of the data indicates that the
enissivity at these temperatures 19 différent than the emissivity at room
temperature, and that the’amiuaivity is gffected_by the thermal history of
the sample. .

| Further testing ia being carried out in an attempt to determine )
the bnsic nature of this breakdown. However, the results to data indicate
that the coatings, on fused silica, are satisfactory for the temperature range
up to 600° F; below the maximum they would be subjected to in the window
configuration.

‘ The electrical prbpertiea of the coatings make the coatings usefpl

for several other‘deuirgble ap}licatiouu in the window configuration. They
can be usaed as a means for resistive heating. In addition, the électriéal
continuity which they cause the window tolﬁave, provides the appearance of
an electrical continuocus skiﬂ when mounted in the vehicle.

For the case of a vacuum gap between two glazings, the loy eqiaaivity
coating is used to limit heat transfer by radiation. The relative |
effectiveness of a coating on either side of the gap can be analyzed. Consider
two surfaces, A; and Az, at temperatures T, and TZ’ The net heat radiation
exchange between the:two surfaces can be expressed as follows:

Lcté} and éz = emigssivity of surface A] and A2 respectively.

Engineering Renoiti For R&R3se 2004/05/13 : CIA-RDP89B00739R00090007566¢-678
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g W; and Wy = total emigsive power of Ay and A, respectively

1-; r and r, = reflectivity of ‘1 and Az respectively.

i F2 = fraction of energy leaving A; and falling on A,

}i F, = fraction of energy leaving A, and falling on Aq

| The total energy that leaves surface A, and falls on surface A, is
given byI:

Uy = SN ¢ EMphoriTiFy

‘rhe total energy that leaves surface ‘2 and falls on surface Al

is given by:

1.y = €2¥aAoF) + & WA N,
1 - r1r2F1F2

The net heat-radiation transfer between the two surfaces is, therefore

9= q

‘., q iii e sl ' . : .

1-2 - %241

If Wy 1s replaced by cr"rll' and Wz is replaced by c-‘r24, then

Aty

A A
_ 2 2
3 = q = AL ((T1°Fp - 61 mAy + l71éz'f24-‘-i'*'1,"2 - ﬁﬂi‘_’_ﬁz_’_

However for two parallel Plates with equal areas, Al. = A, and

s

K = "z = 1. Thus the above relation for the net-radiation heat transfer
reduces to

qs= o~A161Cz ( .1.

4
- T,
€ v&-¢e, 2

1
A.J. Brown & S.M. Maro, "Introductiorn to Heat Transfer", Third Edition,

McGraw Hill Book Cof, Inc., 1958

E,;___ e, ". a, i i . | P
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3
£

} parallel plate is the same regardless to which parallel plate the coating

5 is applied. |

:é The relative effectivenese of one coating in the firet gap; one
coating in the second gap; and two coatings, one in each gap was an‘alyzed

; on the analog computer. Figure G-2 is an example of the results. It is

Therefore, we see that the effectiveness of a coating on one-

clearly {ndicated that two coatings are deesirable, and that if oii;wﬁﬁg

coating can be ugsed it should be located in the outer gap.

]

v~ i _4-_‘; ,i . .\i
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APPENDIX H

MECHANICAL CONSIDERATIONS TO WINDOW CONFIGURATION

Only preliminary investigations have been carried out for
determining actual mechanical values, since considerations have been limited
to general cases. It ha§ been found tha;, from a mechanical standpoint, material
choice is dictated by thermal shock considerations; and that glazing-thickness
is dictated primarily by size and pressure.

'Mechanical properties of suitable materials is listed in Figure H-1,

THERMAL SHOCK

When _a'material is subjected to a temperature gradient, adjacent
fibers tend to expand in differing amounts. Any constraint prevents the

individual expansion of each fiber, thus éetting up & system of thermal

Gang oo e R G, e el besad i

strains and associated stresses. When the thermal stress is generated by

sudden changes in temperaturé, the action is referred to as thermal shock.

iw‘fr-ﬂ'

- Sinée glass fails in_tension, and usually at the surface, the

a tempora‘ry'.stresses from sudden‘cooling are much more severe than those

; resulting from sudden heatipg. The most severe thermal shock application

] in the window appears to be during intermittent cooling in the second gap.
The maximum temperature increment between the ‘cooling air and

the glazing surface is a fqﬁction of the Modulus of Elasticity, the Co- '

efficient of thermal expansion, Poisson's ratio and the allowable working

stress of the material. Thus,

e S

6e (1-7)

TEo

o]
1

where % = thermal expansion, 1
0
'F
E =z Young's Modulus,psi
Y = Poisson's Ratio :

i o 6, = _Allowable Working stress, psi
J o Approvéd F%r}%:lease 2004/05/13 : CIA-hIgPSQBOO739R000900070001-6
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FIGURE H-1

ComPARISON OF MecHanicaL PropeptiEs *

. 'ﬁ'- :‘ii ‘ﬂ‘ . Er -.:-_i

t SR ; l E - toa ; Biess P ot i - ,i

1723 | 7900 7940

Alwinosilieate | Vycor Fused Silica

3 Youwna's Moourus psi | 12.8510° | 96+ 10¢ | 105 xj0°
§ Poisson's RaTtio | 0.22 0.18) b. 17

: ‘HARDNESS (K»oop) 595 '° 6307 644 %°

j Moo. of Ruetuee **  psi | 93«10 | 73500 | 80x 10
] - DensiTy :a’/n’ 16 4.0 136.1 1373
ExpPANsION 1077/ 25.3 4.4 2.0

¥ Data from Corning Glass Works (AF 33(600) 36852) Quarterly Repoct No. |
<8 Abradcd Avnealed.
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For a maximum allowable tensile stress of 1000 psi, Corning 7940

: 3

fused silica can withstand a AT of 263°F. Under the same conditions, '
Soda Lime (BK-7) can only withstand a AT of 17°F. Based on this analysis,

BK-7 should not be used as the inside glazing. Table H-2 lists the thermal

shock resistance for several glazing materials.

TABLE H-2

izl

.. THERMAL SHOCK RESISTANEE

|
|
|

o |

Glazing Material A T*

7940 Fused Silica ‘ 263°F
17900 Vycor 194°F
1723 Aluminosilicate | 24°p.
/0080 Soda Lime 1%

* where AT * (Tgyrface -Tair)

No experiments have been performed to verify the figures in Table H-2.

The main factor which would influence these tabulated values is.the allowable

t’-‘-‘v 5-‘;‘5;‘

working stress of 1000 psi. Breaking stress is very dependent upon conditions

6T the glass, annealing and surface quality. Allowable AT varies directly with

increasing working stress.

! The analysis upon which the determination of allowable AT is

based is independent of glagzing thickness. Experimental results listed
by Corning* indicate a thickness dependence of AT, where the AT tolerance

increases for decreasing thickness. Values calculated in Table H-2 are

G e

within expected agreement with the Corning data.

In addition, 1t should be pointed out that 4 T represents the

short term cooling temperature drop of the glaring surface. The factor of

W"“ L |

a film heat transfer coefficient means that the cooling air imtroduced may

have a temperature difference with respect to the glazing surface greater than

v

AT. The magnitude of this coefficient has not yet been 1nves_tigated.

* Properties of Selected Commercial Glasses; Corning Glass Works; Corning, N.Y.
- Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6
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T

i} THICKNESS

The thickness of the glazings were calculated based on the
pressure distribution shown in Figure H-3. The glazings were assumed to
be simply supported on a rigid frame., Stresses and deflections would be

slightly smaller for glazings with fixed edges on a rigid frame.

e | i Goeiad {nid

Time 1  Time 2
inside B _ 3-psi 3_psi. N
Lo 1
] 5-0 psi A 5-0 psi
] s §
0 psi - 0 psi
] L a 3 -
o outside | 0 psi 3.5 psi
i
Pigure H-3
éi Taking 1000 psi as the maximum allowable tensile stress, the minimum
1 thicknesses of glazings A, B & C are about .6", .75" and .6" respectively.
gurves of stress vs. thickness? and deflection vs. thickness are prasented

é] in Figures H-4 and H-5.

Figure:H-6 18 a plot of the stresses in glazing A with a pressure
*5 differential of 15 psia across the glazing. A pressure differential of this
~§ magnitude requires a thickness of 1.25" for glazing A.

The pressure profiles demonstrated in Figure H-3 are realistic
g of actual pressures if the necessary vacuum between glazings A and B is
. established after altitude is reached, and bled prior to landing. The
g condition of 15 psia differential represented in Figure H-6 would be for

g establishing a hermeéically sealed vacuum on the ground.
For the specific case of the 24-inch Schmidt system, the approximate
;’ window size necessary is 10.5 x 18.5 inches. The following is the analysis

for determining glazing thickness for this case.

J Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6
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ANALYSIS

= 18.5"

= 10.5"

The maximum tensile stress {n a simply supported plate is

dﬁax=6$q a?
h

where Q 2 .0994, a dimensioplesquuantity depending oun b and <

. a
.h # thickness of plate, in.

q - uniform loadings, psi

8 = smaller dimension,  (n..

q=: ’th psi
. fmax = 0-596 [cen 2] (10.52 ¢

2
h

where G = "G" loading

P - pressure differential across plate

F design factor

The maximum deflection in a simply supported plate is

Smax'-’ o q a%
E B>

where o = 0.1060, a dimensionless quantity depending on b and

uniform loading, psi
thickness,

smaller dimension,
Young 8 Modulus, psi

® e .a

i 4
* { max = 0-1060 [Gen ¢ B] (10.5)
¥ 10.5 x 10° u3
where G = ngH loading

3P s praasute:differential across plate,
; :
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APPENDIX 1

TECHNICAL SUMMARY - WINDOW CONFIGURATION

kel

The most suitable environment, in order to maintain the desired

E—‘I-. s ﬁ

image quality, minimizes or eliminatese index fluctuations in the optical path.

This dictates an isothermal equipment bay concept. The equipment, bay walls,

) Gad

and—inner-window surface should-be-kept at-the same temperature. If this is - -
"accomplished, it will eliminate heat transfer either into the equipment bay,

or from one pert of the bay to the other, and this will eliminate index

ﬁ’r:’w.s

:fluctetions from thermal gredients and resulting preseure changes.

The tolerance on acceptab%e temperature fluctuations within the

e e

[-7=53

quipment bay increeses with decreeaing equipment bay pressure. Realistically
echieveble temperature conttols are possible at atmospheres no greater than

about 75 mm Hg,

o S

It 1s desirable to maintein minimum temperature drop through the

glazing materials themselves, in order to reduce optical wavefront deformation

due to index changes. In addition, this will enable thinner glazings to be
used, making a more suitable mechanical coniiguration. The most desirable

location for the maximum temperature drop is across the gaps between the window

glazings. Since air has a much lower thermal conductivity than the glazing

E
5

materials, a maximum temperature difference across the gaps is a natural

consequence In order to do this, however, it is necessary to limit or

eliminate heat flow from hot to cooler glazings. In order to eliminate

-3

heat conduction and convection, vacuum of the order of 5 x 10 ~ mm Hg must be

Lerd

maintained (because the thermel conductivity of air is independent of density
3
until the pressures become so low that the mean free path of the air molecules

o

is comparable to the dimension of the gap). In order to limit radiationm, a

S

PO

low emissivity coating should be applied to one surface bordering the gap.

It is of no eonlequence to which side of the gap the coating is applied. A
Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6

Encineerineg Report No. 5530 : ' ' " Page 90




fg

T

T

e lagiasd

“' d E,:iéfg ‘ E. z3) i

[

Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6

low emissivity coating is most effective in the outermost gap, and two coatings
are more effective than one.  If only one coating is used, it should be
located in the outer gap.
In addition to its low emigsivity properties the coating will
serve 88 a conductor across the window, therefore, maintaining the appearance

of an electrically continuous skin.

In order—to maintain the inner surface of the window glazing at
a conetant and tolerable temperature, cooling or heat removal from the window
glazings must. be preaent. The use of cool air for heat temoval is recanmended._

For the sane conaidaratione which dictate the desirability of eliminating

air in the equipment b;y, it 18 decirable to climinate the cooling air from

. _the. gaps during a photographic axposure.» ‘This can bc accanplished by using

cooling air only during that portion of the photographic cycle during which

no‘photograph is being taken For the 24" SchmidttScanning System, this

' appearuifeasible A cycle of about 3.6 seconds on and 3.6 seconds off is

recommended. The use of eyclic cooling requires that cooling air can be'
ﬁatrbduced, then removed, and a low density atmosphere be reestablished
within ihe allowable cooling cycle time. This seems quite feasible if
about 6.3 cubic feet/min. of cooling air can be dumped overboard. Cboling
air temperature and rate must still be finalized. |

During two portions of the mission profile there is a heat drain
to the outaide, resulting in a cooling of the inner glazing. Depending on
allowable temperature fluctuations of the inner surface, heating may be
required in the inner gap. This can be accomplished either by introducing

hot air or by resistive heating of the conductive gold coat, if a gold coat

-
-

is present.
As a maximum tolerance, the net deviation from a iinear thermal

gradient across the pupil cannot exceed 0.6°F per inch. It would be dsirable

“ 739R000900070001-6.
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to use aluminosilicate for outer glazing due to the fact that its expansion
properties are more nearly similar to those of the vehicle skin than are the
expansioniproperties of fused silica. However, thermal shock and optical
considerations indicate that the use of fused silica would be desirable.
Further investigation is recommended to finalize material choice. At least
the two innér glazings, subject to large thermal shocks from the cycled cooling
air, should be fused silica; " e

The approximate window size for the 24-inch Schmidt-System is 10.5 x
18.5 inches with slightly rounded corners and edges. The thickness of the

glazings have been calculated on the basis of establishing a vacuum in the

first gap after altitude has been attained, and bleeding prior to landing,
in order to avoid a 15mi differential. Calculated thicknesses are 0.6,
0.75, and 0.6 inches from outer to inner glazings.

The dynamic deflection of the window glazings for these thicknesses

" ig not sufficient to exceed the tolerances established to maintain desired

image quality.

= These considerations ‘dictate a basic window‘configuration'concept.
The‘three glazing configﬁrations shown: in Figure I-1 embodies all these
concepts. One side of each gap 18 coated with a gold coating of 0.2 emissivity.
Regulated cooling air is cycled through the inner gap, to maintain the inner
window surface at 130°F. The bay enviromment, at a pressure of 0.3 pounds

per square inch, is maintained to provide temperature fluctuations no greater

than iloF.
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BAS/C WINDOW CONFG L/EA TION
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APPENDIX J

FILM TRANSPORT

This area may be divided into two significﬁnt aspects. The first
will consist of the arrangement to transport the film at an accurately
programmed velocity; and, the second will consist of arrangements to pérsuade
the film to conform“CO‘a‘seiected“geometric-vglocity configuration during its
travel past the slit.

Investigations of the accuracies in the velocity of film tfavel
suggest that a servo control is indicated. Analysis of.this problem will
cdntinue., | | |

‘ In the second aspect of the film transport there are unique and
critical design parameters which must be satisfied. Calculations and
empirical investigations have been made in some of these areaé._ Thin base
film requires special handling because it will damage easily. The £film
transport arrangement must facilitate positive film registration without
the advantage of sprocket holes'and it musf alsg'allow for unavoidable slack
caused by momentary power or component failures, film sﬁlices and other
imperfections in the film. In a temative optical design, the‘ideal focal
surface would be a 30-inch radius sphere. However, a sphere of this size
is not practical and some compromise in the shape of the focal surface
is indicated. A ten-inch long roller with a 30-inch radius profile in the
axial plane and & maximum radial length of 15/16 inches was fabricated. This

roller (platen roller) is the pressure plate in the film transport bread-

" board system constructed to test the behavior of thin base film. The

-

breadboard will prove & valuable tool as it can be readily modified for
testing of other transport systems. (See Figure J-1).

When the unit was put into operation the following facts were noted:
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A. The film did not easily stretch over the platen roller.
Calculations indicate that approximately 150 pounds tension
would be required to achieve the amount of stretch desired.
However, from the breadboard it was found that severe stretching
produced buckle areas. Pressure and loéalized heat resulting
from the crimping of the film might expose the film.

B. 1In an effort to stretch the film completely over the barrel-

] shaped platen roller, concave prbfiled rollers were substituted
.for‘the straight cylindrical rollers which are located adjacent
to the platen roller. This arrangement permitted more film to
stretch over the barrel.vith no increase in tension. ’It was

. not possible, in any of tﬁe tests conducted so far, to'obtain
intimate contact between the barrel a;d'the entire 9 1/2 inches
width of the film.

The most exact method to simulate a spherical focal surface would
be to have a fixed, highly polished spherical section and allow the film to
8lide over it. The detrimentgl effects of sliding, 1f any are appreciable,
will be established by Eests.

Another approach would be to have a plastic belt contoured to the
desired shape and permit the film to travel with this belt. The slip between
the film and the platen roller present in the other systems would, iﬁ such a system,
occur between the plastic belt and the gﬁidiné roller. ;

Analysis of the velocities of film transported over contoured rollers
shows that the center of the film will travel 3.2% faster than the edg;s. For
the same width film ?n a 30-inch radius sphere, the percentage variation
between the center of the film and the edges would be 1.2%. A compromise
condition may be indicated. |

The platen roller is barrel-shaped and as such it has different

tangential velocities along its axial length, These velocities vary as much
Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6
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ag 60%. Since all elements on the film travel almost at the same velocity
and since the surface of the roller rotates at different velocities, there is
slip between the film and the roller. Total slip over the platen area may

be expressed as follows:

Distance across slit .25

Velocity of film = 10"/sec

Time to pass slit 25/10 = .025 sec

With 60% slip ( V = 10"/sec - 4"/eec)'= 6"/sec
' D < 6"/sec x.025 sec s .150"

.15 represents 60% of surface and a deformation of film caused by abrasion or
friction of heat would be intolerable. |
Assuming a two-pound normal force between the film and the platen,

the heat generated will be approximately .92 watts. Invéstigation of aﬁbient

 conditions and length of operation should indicate if heat can be removed

from the critical roller surface should be this be necessary.

A method of reducing the relﬁtive 8lip is under investigation
Eg_md indications are that if a;composite roller is fabricated, the slip can
be held to a selected'figure. The composite roller would consist of a number
of individual rollers mounted on the same axis and whose integrated surface
profile would duplicate that of the otiginal singlé roller.

Finally, the tolerance of ,0005 inches required in the focal depth is
possible in the static configuratign. Dynamic conditions may dictate

unconventional approaches. .

' A : - : -
Engineering%r{)%\{%d cc'>.r I§§!&?se 2004/05/13 : CIA RDP89BOO739R00090007(¥;)80813697




R Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6 |

s |

we————

§KIp TURN FILM ROLLER
.y The system may require that the film path {ncorporate a compound

bend. This is accomplished by passing the fila over the roller at an angle
ﬁ other than 90° with the axis of rptation of the roller. This angle relation
‘ grpduces a velocity vector pggnggl_ggﬂgbg_g;&gwpf rotation. I£ the roller
does not move in the same direction as the resultant vector, slip will occur.

This slip {s eliminated by moving, parallel to the axis of rotation, that portion

= of the roller which is in contact with the film an emount equal to the axial

‘vector transmitted by the film to the roller. Therefore this directional

mfﬁ'ﬁ" ]

roller will consist of a number of axial elements which experience identical

‘angular motion but are independent from each other in their axial confines.

il

Calculations to determine sxial length of roller reveal that for a 9.1[2 inch

3

wide film the minimum length required for static accommodation of film is

14.433 inches. The additional length required by the dynamic conditioms 1is

a ﬁgpction of angle of wrap, lead angle and number of sliding elements. This

figure is 1.309 inches. The total length of roller is 14.433 + 1.309 = 15,742 inches.

g ,-:I

The axial movement of the elements will be accomplished by cems. This arrange-

fasl

ment relieves the film from the burden of moving the sliding elements through

friction.

P

A second method of achieving a compound bend is to'hava‘thé'film pass

ﬁ‘ < ..g 5

over a cushion of air emanating from a stationary bar element. Such g

device has been used successfully in existing systems.

W .
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APPENDIX L

CEMENTED JOINTS

When light-weight structures are considered, normally honeycomb-

( E 5 - ﬂ P

like structures are conceptually attractive. If these are fabricated by

ki

: ncthodl.vhich dimple the skin member, such as welding, strength can be

F aub;t;ptiilly reduced. stpilarly, fabrication b}4ﬁ;;h;§i£al joining, as with T
) bolts or rivets, may have the same eff?ct. Consequently, it becomes attractive

Zi t§ consider ch§n1c11 joining by methods, such as_sgnding; in which the

mechanical shape of the structure is not altered.
Another reason for considering cemented joints results from the

difficulty of machining nnjnesiun_and beryllium. These two metals have

-

very high strength and rigidity to weight ratios and they also have very

R

high internal damping. As a consequence of this desirable combination of

properties, it is attractive to utilize these materials if it can be done

E" G S‘S-i"'

practically; and this is partially dependent on the ability to fabricate cemented

Boi;Es.

.
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Different types of scenes will have different distributions, although ipy given

- distribution will have a whole class of scenes corrésponding to 1it.

~ If £(x,y) represents the wave smplitude in the plane of the diffracting screen and

coordinate of a point in thé image plane, them

Approved For Release 2004/05/13 : CIA-RDP89B00739R000900070001-6 |

APPENDIX ¥
OPTICAL POWER SPECTRUM ANALYZER

The power spectrum analyser is a device intended to indicate the
amplitude and direction of the frequency components of the image structure of

8 transparency. If the transparency is a negative or positive photograph, the

analygzer vill immediately give the resolving power of the photographic system
used (the maximum frequency obtained by the analyzer), and the relative content

and distribution of the frequency components palnid by the photographic system.

Y OF OP ON:
The operation of the power spectrum snalyzer is based on the fact
that the Fraunhofer image of a point source produced by a diffrocting screen

18 the Fourier transform of the wave amplitude in the plane of the screen.

yv(i;, ky) represents the amplitude of the image where (kx, ky) is the normaliged

7//(46” "€;>= Z%'rf[’c(w;z) ei(‘é‘ X 4”43 3‘%[10%1!1» (1)

~o0 ~0e
In practice f£(x, y) is limited to the pupil of.an optical system and

is zero outside the pupil, and the integral can be restricted to the area of the

pupil., It can be seen that k, and ky which are position coordinates in the 1n§ge

plane correspond to frequency components in the plane of the diffracfing screen.

The value of the normalized coordinate is given by

A, Bl Eq. (2)
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where A 18 the wavelength of the light and é is the angle of diffraction. The
actuallposition (x', y') in the image plane as & function of the actual spatial
frequency compoﬁent (\)x, «)y) in the plane of the diffracting screen {5 given
by

X'=1C?‘;-QXJ«;¢’=[7;K971  and Eq. (3a)

i 8= 29, Eq. (3b)

The wave amplitude f£(x, y) may be complex; that is; it may represent
both variations in the magnitude and phase of the wave across the pupil

contaiiing the diff:acting screen. This phaie variation can have a strong

.-effect on the image and is unwanted in the power spectrum analyzer. The manner

of its control and the degree to which it can be tolerated will be discussed |
later. For the present we shail assume that the phase variation is neéligible;

Alfhough the phase Qhriation.may be negligible {n the pupil, phaéé‘v?
variatiéns will exist in the image plane depending on the'pa:ticulaf geométry,
of fhe diffracting screen. » | :

It should be empha#tzed that the function we are analyzing is the

amp?itude of the wave in the pupii as modified by the diffracting screen. The
transmission of a screen is uswally in terms of the intensity of the light
transmitted which is the square of the amplitude transmitted 1f there is no
phase variation. |

The diffracted image observed is also the intensity of the wave in
the iﬁage plane rather than the amplituda, and is the product of the amplitud;
and its complex conjugate. |

The amplitude in the image plane is the Fourier transform of the amplitude
in the pupil plane. Thus the intensity of the image is the product of this

Yourier transform and itg complex conjugate. This product {s commonly known as

Engineering Repart Norrdi#iease 2004/05/13 : CIA-RDP89B00739R0009000788@L 6101
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sl

the power spectrum (thus the name of the instrument) and is the Pourier trangform

of the autocorrelation function of the diffracting screen.

beded

Since the power spectruﬁ has eliminated the phase information (the

bl

product of a function and its complex conjugate is the square of the modulus

of the function), any givem power spectrum corresponds to a whole class of

ot

objects which differ from each other only in the manner in which the structural

e Tym

“details are dlstriButed; and thus is a statistical measure Qfméhe structural

content of the object.

ey

The power spectrum analyszer is 1ntended'to meagure the structural
content of the image of a transparency:(aa measured by its amplitude transmission)

by presenting its power spectrum graphically as the variation in intensity of

W
i
i
£
el
i

a point image resulting from diffraction by the transparency. The intensity-
at lhy point in the image plahé is directly proportional to the power»spectfuh

density of that fféqucncy component of the transparency having a frequéncy proportional

e e e

to the distance of the'point'fron the center of the image and s direction determinad

73

g W

- by the direction of the point from the center of the image.

éi N OF I :

Figure M-§ {llustrates diagrammatically the layout of the instrument.

A monochromatic light source, pinhole, and cbllimatdr serve to provide
monochromatic plane waves iuciaent on the transparency. An immergion tank is
provided to reduce phase variations in transmission to & minimum. A collector
léns forms an image of the pinhole after the light has been diffracted by the
transparency.

This image is the power spectrum desired, and a sheet of film inserted

B e ey oy ﬁ: o

here would record the imgge. However, in most cases the center of the image,

corresponding to zero frequency, contains an appreciable fraction, frequently more

L s - l_,-_ 5

t N
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___convenient location by a relay lens.
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than half, of the total energy, and the rest is disﬁtibuted over a large area.
1f the exposure is sufficient to record the major part of the power spectrum,
the center will be heavily overexposed and much of the power spectrum will be
spread over by irradiation from the center image.

To reduce this effect to a minimun a mask consisting of an opaque

central spot is inserted in this image plane and the image is relayed to a wore

R [ VU

The calibgation of the frequency scale is most easily done by inserting I
a grating of.known frequency, such as a Rénchi grating, in thé immersion tank
and fecording its image. The fundamental ahd_its hqrﬁonics will be recorded, -
érovtding an accurate frequency. reference. . ,  - |

A check on the'reliabilify of tﬁe systeh can be made by taking a picture
of the image wﬁen tﬁe-tranépafency is remo&éd. If_the m&ek ig also remoyed;”
the point image obtained will fepresent the weighting function of the power |
spectrum measurement. The 1ntensity at any point in the image plane is ﬁot
strictly proportional to the power spectrum demsity of the corresponding
'freggcncy, but to a weighted average for that.frequency and its neighboring
ftoqueﬁciéa, The spread of the point image with the transparency removed wil}
represent the weighting function. | |

The main effect of enlargement of this image will be a corresponding
éhinig_in the weighting function. This includes slow variations in phaae,.such
as occhrs in the presence of gberrationa. Such glov variations will have no .
high frequency components. However, another effect of the slow phase _ Vf;_

variations is & weighting of the areas of the transparency in their contributions

to the power spectrum. 1I1f the transparency does not have homogeneous toxture,t

~ different aberration diéiributions will result in slightly different power spectra.

o

1f the power spectrum itself is nbtbéxpected to have fine struétute;:

a relatively large weighting function is tolerable.. The most efficient uaa'ofzthin
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tolerance is the enlargement of the pinhole. The pinholée image is compact so

that the weighting does not extend too far out, but the increase in transmitted

enérgy, and conlequdnt reduction in exposure time is considerable.

A picture taken with the transparency removed but the mask in place

"will show how much light will be spread by the stromg sero-frequency component

in spite of the central mask. This residusl light Ls a result of the unlimited,

NN U ——— e — y

altbough 1ou-levcl, dlffraction spread, scattered 1ight, and out-of-focns

3hout images. The diffraction apread 18 agnerally ve:y suall thesscatterod

:light can be kcpt at a nininun by having a clean and well-batflod optical ayotun,

'kvlnd the zho.t 1na;eo can be kept to a minimun by means of low-teflectton coatinss. '

-’Pisnrcs u.i;"x.j, Méafnnd u-a ahow'adne p°w§r 5peétrn obtained witﬁf-“

_'fthin 1notrunant along with contact prints of the cortesponding traaaparencteo -

'-_;‘hdch were nlcd as dtffracttns serecnq.and enllrssmenta of selected pottionsj

of ‘the ttanuparoncles.

The power spectrun of the Ronchi grating shows the fnndanental and

' =
harmonics of the structure. If the lines and spacea were exactly equal in widch,

the even harmonics would be absent. Iheir presence, although they are noticeably

- weak, indicates that the lines and spaces are not exactly equal. This grattng

was used to calibrate the frequency scale. ;
Two of the ruuiining. pictures ﬁera’. taken with a relatively low-resolution
jyltem and the third with a high-resolution;syéten. The low-resolution syiteﬁi
was linited to about 13 lines per mm. The hiéh resolution system was limitc‘:
to about ao lines per wm. . |
One of the loq;teoolutlon pictures io of a river bed with folia;e
and the other is of a dcveloped area. The river-bed picture has a pover cPect:uu

consiotihg of a broad, generally undifférentiated spread with a diffuse bar across

Y Zngineering. MQM'Fggﬁpiease 2004/05/13 : CIA-RDP89B00739R000900074QGk6105 ‘
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it in one direction. The broad spread indicates a generally random structure.

The bar correlates with the direction of illumination of the scene, the shadow

—eed

being very roughly linear and oriented in the same directiaon.

The power spectrum of the devéloped area shows strong apikeg oriented
along the principal directions of the artifical structure with almost no
power associated with the frequencies oriented otherwise. Omne of these primcipal
spikes shows nodes indicating regular periodic structure covering an appreciable
ares of the transparency. On exﬁnination {t can be seen that plowed fields
7 cortespond to the nodes. V
The high-resolutlon picture is aleo of a developed ares, and this 1s

dgain reflected in,tha»atrongly spikod'structute of the power spectrum. ' This

‘picture also has a plowed field, but the relative area is small and the nodes are

& not apparent.

it

Y

S

i g B
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] ' APPENDIX N
9 IMAGE MOTION COMPENSATION

’:g The present IMC problem is concerned with a slit camera which

A scans laterally, while the vehicle carrying it moves fprward (see Figure N-1).
‘} The scan axis is parallel to the line of flight and the optical axis inter-

7 sects the nadir when the scan angle is zero. In the figure, h is the altitude,’

v the forward velocity, B the scan angle X the field angle and f the

b focal length.
o ,

The objective of an IMC technique 18 to move the film and/or the
33
f; image in such a way that the relative velocity between the two is negligibly
‘ _smgll. The most direct way of approaching the problem is to refer the
% coordinate system to the surface defined by the slit and to develop the
? equations of motiop of the image relative to the slit as a function of i, h,
§ £, X,and B. Two types of focal.sprfaee will be considez;ed--the sphere
iy
J and the plane.
g = _ :
‘” INSTAN’I‘ANEQUS IMAGE VELOCITIES
. Figure N-2 illustrates. the derivation of the image velocity in the
o plane of the slit. 'i‘able. N-3 shows the image velocity relationsh ps.
g An interesting fact is that the image velocity in the plane focal
b

surface is independent of the field angle x whereas the spherical focal

surface is not.

IMC TECHNIQUES

i ) Pocainat

The simplest scan rate is a constant rate. In order to achieve a

P b4

] required overlap p with a given maximum field angle L the scan rate is
given by
e IW& . v, ' )
% . g’ ot ey (1)
ﬂ (1 - p)
o Approved For Relggse 2004/05/13 : CIA- RDP89800739R000900070001 ?
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in radians per second, assuming that successive scans are 90° (Tf/z radians)

apart.

The components of image velocity when scan rate is constant are

as follows: the lateral velocity component l’.& is constant; the longitudinal

component vy varies directly as cos B; and B = g@

o t. Thus, neglecting
the field angle factor for the spherical focal surface, perfect cﬁpensation
may be achieved by vusing a constant scan rate, a constant.f:l.1m_velocity‘_in;__\'.__,‘,v
the lateral direction and film motion varying as cos p in the longitudinal
direction.

It may be that moving‘the film accurately in the longitudinal
direction may be more difficult to achieve than accurately varying the scan—

rate and film velocity. In this case it would be preferable to keep ¢ constant

by varying g% so that it is proportional to cos B.- The film velocity will

a————

* then be directly proportional to g% and unchanging in its direction $, which

is no longer perpendicular to the scan axis. Then the differential equation

9B . Acosp _ (2)

- at

must be satisfied, where A = % cos x cot ¢ for the spherical fral surface

and %’cot ¢ for the plane focal surface. The siution is

tan (B/2 l‘%’) - eAt' | (3)

P and g@ as a function of time are shown in FPigure N-4.

Clearly, this mode of IMC is efficientA only if relatively small
scan angles are involved, whereas the previous method is unre'stricted.

Four pictures are to be taken in one complete cycle but only 60°
aré used for ea(;h piéturé. Figure N-5 shows as a solid line those portions
of the scan which must be matched accurately, the plot being one of scan rate

versus time.
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1ldB =1 -a(l -
3 dtl a( cos ¥) (4)
where
YAt (5)
3 1n .
.- and a_is determined_ to minimize. the error..._ . _ 3 N
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Figure N-6 shows the result of trying to match the required variation

by a simple sinusoidal variation of the rate given by

‘Figure N-7 shows the error as a function of the scan anglel& for
two values of a. The upper curve gqﬁalizes the éositiv@ andvnegative errors
'L}.wﬁereaé the lowerbcufye attempts to.éet the maximum scan rgnge'vith the least
f;fjj*'érrég}j It is épp#fenf that thisiaﬁproximation wapid béfadaquate only over
:: a:range of about 15°. ‘. |
| | A possibility for achiéving a}good #pproximation to the sc;n rate
v@riaﬁion for the scanning prisms is that each of the prisms is used only
in every other scén. This is done by vérying each of the prisms at only half
the frequency given above and 180° out of phase with each_other. This situation
8 desirable mechanicallyvbecguge of the automatic balancing of moments.
Figure N-8 illustrates this method and Pigure N-9 éhovs the error resulting.
This approximation i8 adequate over the fu11_30° range.

However, the magnitude of the variation has gone from about 97 to

37% of the average rate. In addition, the film velocity variation must be

obtained from a separate mechanism which will operate roughly as in Figure 5,

but with a better fit.
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APPENDIX O

FILM EVALUATION EQUIPMENT

Several pieces of equipment, specifically designed for film evaluation,
have been constructed. An arrangement consisting of a light source and two
cameras ie used for the production of targets and for the photography of those

targets onto the film being evaluated. One camera photographs-ronchi-rulings

. onto Kodlk_High Resolution Plates to produce targets having a frequéncy range

of 4 to 15 lines per millimeter.

The second camera photographs ﬁargecs at a 20X reduction onto the
£11lms being studied; offéring‘a frequency rahge of 80 to 300 lines petvmn. The
camera employs a microseope apochromatic objective mounted in a precision
focussing mount; a beam splitting plane and external 1igh£ source in the optical
path give the cépahility of introducing contrdlled non-iﬁage forming light which
in effect reduces the contrast of the 'tu"get: image.

A plate processing rack and a film agitator were built for the precision
progessing of plates and films. The design emphasis was on even development
over the emulsion surface and pfocesainx repeatability.

o A Leeds and Northrup ;iéfoéhotonetet is in the process of being
modified. A ribbon filament lsmp and an adjustable mechanical slit comprise
the light source, and a photomultiplier.as the output source activates
a recorder. The aize.of the scanning slit is limited only by the sensitivity of

the photomultiplier and associated amplifier.
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The following is a list of pertinent documents concerning this

program:

DATE

1 Februsry 1959

2 March 1959

30 March 1959

13 April 1959

1 May 1959

7'npy 1959
28 May 1959

28 May 1959

22 June 1959
=

26 June 1959

2 July 1959

10 July 1959
26 July

27 July 1959
31 July 1959
24 August 1959

1 September 1959

15

22

23 ¢

. m.

17

27 -

40

43

50

53

CER
NUMBER

5394

_—wee- -

5414

. 5424

. wmww

5443

5465

. .
- wm-

---o

' 5485

- o een

" High Acuity Reconnaissance

TITLE

Aerial Reconnaissance System

‘Progress Report No. 1

Systems for A High Perform-
.g@;e Alrcraft :

““Letter from JGB to Mr. B.

'Project Plan -

13 April---30 June 1959

' Progress Réport No. 1 -
14 - 30 April 1959

Letter from MDR to LEW
Evaluation plana.-

~ 'Progress Réport No. 2

1 - 28 May 1959

Preliminary Considerations of

Special Equipment for an Alter-
nate Carrier

Letter from MDR to DRK

Window

_ Progress Report No. 3
29 May 1959 -~ 26 June 1959

Quality Evaluation

Letter from MDR to LEW
5A & 5B n.g.

Letter from RMS to LEW
Catad. Systs.

. Progress Report No. &4
27 June 1959 - 24 July 1959

Revised Side Views for Append.
C - ER 5485 :

Information from August 19-20
Meeting re Payload Cooling

Letter from MDR to RSQ
Trip Reports
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]
: | | ER
] DATE DOC. NO. NUMBER TITLE
'}18. 4 September 1959 54 ——e- Letter from MDR to RSQ
» ' Sketches 5C and 6A
19. 10 Ssptembar 1959 57 5506  Progress Report No. 5
| 3 25 July - 5 September 1959
20. 15 September 1939 59 a-- _ Configurations E, F, G, H
}21. 12 October 1959 | 62 . ———-- Selection of System
22. 13 October 1959 63 R Dravinge 546-0900 thru .
4. ' : : ~ ' 546-0903 :
423. 20 October 1859 68 . —e==. .- Project Plan and Budget
] o - o : Cost Estimate for Project
gu ‘20 October 1959 69 - =2« Potentisl . :
==
1
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